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PREFACE TO VOLUME II 


N o apology can be adequate for a delay of twenty years 
ill the appearance of the second -voluine of this worh. 
I much regret that increasing official and extra-official duties 
and responsibilities have allowed insufficient leisure for the 
continuous effort required. The volume was nearly finished 
ill 19145 but has been considerably revised in the last few 
years during its completion. 

As in the Monocotyledons the general arrangement is similar 
to that of Prof. Adolf Engler’s Syllabus der Pflanzenfamilien, 
but wdth some, often considerable, difference in detail, especi- 
ally in the arrangement and conception of the Orders of the 
first two Grades. On pp. 2 and 3 I have given reasons for 
maintaining a Grade Monochlamydeae. As in volume i some 
of the smaller families have been omitted and more space 
has been allotted to families represented in Britain. 

In accordance with the Rules of Nomenclature formulated 
at the Vienna Congress in 1905 I have substituted the term 
Family for Natural Order,, and have used the term Order for 
the higher grade (Series of volume i). 

Again, as in the case of the earlier volume, I must express 
my obligation to the two great works on Systematic Botany, 
Die natilrlichen Pjlanzenfamilien and Das Pflanzenreioh. 

In the matter of illustration I trust that this volume will 
mark an improvement on the former. I am greatly indebted 
to the Trustees of the British Museum for permission to use 
a number of blocks from the Flora of Jamaica by Mr W. 
Fawcett and myself, now in course of publication. These 
(indicated as From Flor. Jam.) were drawn by Mr Percy 
Highley. For the drawings for the remaining blocks (except 
for a few repeated from volume i) I am indebted to Mr Percy 
Highley and my daughter, Phyllis Eendle. 

Mr A. J. Wilmott of the Department of Botany, British 
Museum, has very kindly read the proofs and made some 
useful suggestions. • 

^ A. B. RENDLE 


.London, . 
October^ 1925. 
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DICOTYLEDONS 


In germination the radicle grows out from the seed to 
form a primary root. In the great majority of cases the 
pair of seed-leaves (cotyledons) are carried above ground 
(epigeal) to form the first green leaves of the plant ; 
they are drawn out of the seed partly by growth of the hypo- 
cotyl, partly by their own growth, the stem-bud being pro- 
tected between them. In some cases they are hypogeal, 
remaining in the seed, where they act as storehouses of 
nourishment (see voL i, 127). There is great variet)?- in the 
form of the cotyledons, which generally bears no obvious 
relation to the form of the adult leaf; this form may be 
assumed by the leaves directly succeeding the cotyledons, or, 
especially in oases where the adult leaf is much divided or 
compound, the leaves immediately succeeding the cotyledon 
are simpler in form and shew transitional stages to the 
adult form. The Onagraceae afford a remarkable instance 
of the growth of the cotyledon to assume, by an intercalary 
development at the base, a form approaching that of the adult 
leaf ; a still more remarkable growth of the same nature occurs 
in Streptocwrpus (see family Gesneraceae). The cotyledons of 
a pair are sometimes unequal, and in rare cases one is minute 
or aborted ; in exceptional cases there are nmre than two 
cotyledons. When hypogeal the cotyledons are sometimes 
united so as to be indistinguishable (conferruniinate)^. 

The habit of the adult plant is remarkably varied. A 
characteristic anatomical feature is the ring of open bundles 
in the jmiing stem and the formation of a ring of cambium 
preliminary to secondary growth : in perennial woody plants 
exposed to regular alternation of seasons favourable and un- 
favourable to growth the secondary formation of wood in 
the stem takes the form of concentric ' ' annual rings. Secondary 
growth of other types, generally described as ‘'abnomial/’ 
occurs in various families and is especially frequent in woody 
elimberS:. The details of the stem-anatomy shew considerable 

^ A detailed account of the forms of seedlings mil be found in Lubbock, 
A eontribiition to our Knowledge of Seed^^^ 


R. Ti. 
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2' ' ■ FLOWERING PLANTS 

variety and various featiires may be cliaracteristic of 
or smaller groups of genera^. 

The main stem is sometimes iinbranclied, but geiK‘rally 
forms a more or less vddely branching system, the individual 
leaf being proportionately small. . The charaeterisiie tree-type 
with a spreading crown- of branches contrasts with the 
Iinbranclied palm-type of the Monocotyledons. The palm- 
type is rare in Dicotyledons but occurs in the Papav' and 
others, where a tall iinbranclied stem bears a termiiiai crowii 
of large leaves. 

The form of the leaf varies widely but a particular type 
is often characteristic of families or smaller divisions. With 
few exceptions the venation is obviously reticulate. The 
presence of a pair of bracteoles, placed laterally with regard 
to the bract, is characteristic of the group (see vol. i, 143). 

There is also great variety in the form and arrangement of 
the parts of the flower, which may consist merely of one or 
more sporophylls protected by bracts, or of a definite perianth 
surrounding male or female sporophylls or both ; further, 
the perianth may be differentiated into an outer, generally 
protective, green calyx, and an inner, generally white or 
coloured corolla. The most general type of arrangement is one 
of five alternating whorls, each whorl containing five or four 
members: calyx, corolla, two whorls of stamens, and carpels, 
in regular ascending order. 

The seed generally contains a greater or less amount 
of endosperm which surrounds the embrjm ; in some cases 
perisperm is also present. In some groups the embryo 
completely fills the seed. 


The following arrangement does not claim to be strictly 
phylogenetic. Various attempts have been made to construed 
a phylogenetic, system of . Angiosperms, but the results; are, 
not convineing, bear no suggestion of permanence, and bristle 
with .difficulties for .the student. In. the, arrangement adopted 
here the orders are grouped in, .three grades which corresp.o,iid 

For details of anatomy, see Soleredev, Systematic amatomij of tlm 'Dm^fadedons 
(Engllsli edition), 190a ' , ■ ; v - 
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to grades of differentiation in the floral striieture . The first grade, 
includes orders with, on the whole, a comparatively simple 
type of flower; several orders represent very isolated groups, 
and while it is possible that some may be reduced fomis,^ the 
affinities of which are to be sought in the higher grades, it is, 
on the other hand, possible to regard the members of this 
grade as representing lines of development from earlier 
extinct groups. It seems likely that development of the 
highly differentiated insect-polMnated dichlamydeous flower 
was preceded by numerous, so to speak, experimental stages 
arising from earlier, now long extinct, Angiosperms, and it is 
a tenable view that such stages are represented among the 
Monochlamydeae. In the last order, Centrospermae, the higher 
type of floral structure exists alongside of the simple mono- 
clilamydeous type. 

In the second grade, Dialypetalae, the orders are arranged, 
so far as possible, in ascending sequence. In the first, Ranales, 
there is a marked indefiniteness in the number of members in 
the various series (calyx, corolla, androeeiiim, gynoecium), the 
parts of which are generally free from each other and arranged 
in regular, frequently spiral, succession, on a convex floral 
receptacle. The grade includes several lines of development 
but the follomng general tendencies may be traced — dimiiin- 
tion in the number of members in each series, and, in the 
higher groups, a tendency to their union, a whorled (cj^clic) 
instead of a spiral arrangement of parts, a passage from 
hypogyny through perigyny to epigyny, and development of 
a zygomorphic from a regular flower. Comparison of the two 
extreme orders Ranales andUmbelliflorae well illustrates this. 

The orders of Sympetalae represent still higher grades of 
floral development which have sprung from various dialy- 
petaloiis groups. They illustrate further developments of the 
tendencies to floral complexity already noticed among the 
Dialjrpetalae and comprise at least three grades of develop- 
ment; first a pentacyclic group, with typically two whorls 
of stamens, which is the least removed from the Dialypetalae ; 
secondly a higher group with a tetracyclic hypogynoiis flower; 
and thirdly a group, with a tetracyclic flower and an inferior 
ovary, in which the highest form of floral complexity is attained. 


1-2 


4 


FLOWERINa PLAINTS 


. : Grade A. MONOGHLAMYDEAE „ 

, Mowers frequently unisexual, without a perianth, or with 
a simple perianth, which in the earlier orders is green and 
inconspicuous,, in the later often coloured and attractive; in 
the highest developed families the perianth may be differen- 
tiated into an inner and an outer' series. Stamens equal in. 
number and opposite to the perianth -leaves or in greater 
number. , Pollination in the earlier orders generally aneino- 
philous, in the higher orders often entomophilous ; course of 
the pollen-tube ' often endotropic, that is, otherwise than 
through the micropyle. 

The plants of the earlier orders are exclusively woody 
plants; those of the later include also herbs. 


Order 1. Salicales. 

Family Salicaceae. 

Order 2. Garryales. 

Family Garry aceae. 

Order 3. Jiigkndales. 

Family I. Myricaceae. 

,, 11. Jiigiandaceae. 

Order 4. Jiilianiales. 

Family Julianiaceae. 

Order 5. Fagales. 

Family I. Betulaceae. 

,, II, Fagaeeae. 

Order 6. CasiiariDales. 

Family Gasuarinaeeae. 

Order 7. Urticiflorae. 

■ ; Family I. Ulmaceae. 

11. Urtioaceae. 

„ III. Moraeeae. 

„ IT. Cammbinaceae. 

Order 8, Protoales. 

; ' Fam.ily;' : ' , Proteaeeae.. , 


Order 9. Santalales. 

Family I. vSantalaoeae. 

„ II. Loranthaceae. 

,, III. Balanophoraceae,. 
„ IV. Cynomoriaceae. 

Order 10. Aristoiochiales. 

Family I. Aristoloehiaeeae. 

„ 11. RalHeslaceae. 

„ III. Hydooraceae. 

Order 11. Polygoiialea. 

Family Poh'goiia,eeae. 

Order 12. Piperales.- ■ 

FaDiily I. Piperaeeae. 

II. Sauniraceae. 

III. C.liloraiitliaceae, 

Order 13. Centrospermae. 

Family I. Ciieiiopodiacea.e. 

, 11. Amarantaceae„ ■ 

„ .III. Hyctagiuaceae. 

„ IT. Phytolaeeaceae. 

' ' 55 V. Aizoaceae. 

,5 . VL Portiilaeaceae. /• 

„ ATI. Caryopliyilaccaef 
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SALICACEAE 

Order L 8ALIGALE8 
Family. SALICAGEAE 


Flowers dioecioxiSj in catkins, each flower subtended by a 
bract; bracteoles absent. Male flowers of two or more 
stamens; the female of t’wo carpels united to form a one- 



Fig. 1. A. Male catkin oi Populus treiniila. B. Male catkin of S'allx Oaprcch 
C. Female catidn of 8, Oaprea. B. Male flower of S. Gaprea, viewed posteriorly 
(from the axis). E. Diagram of same, F, Male flower of 8. penlancim. 
Cr. Diagram of same, a disc occurs both posteriorty and autcrioiij. H. Fe- 
. ,, maleflow’eimf iStperite I. Female flower of ie^-mspefma. K,L. Diagrams ^ 

of female and bisexual flowers of /S'. Gaprea, M. Male flower of 
iremida. N. Diagram of same. O. Female flower of P. nigra, P. Female 
flower of P..tremula in longitudinal section. Q. Open fruit of S. Caprea, 
E. Seecl of 8aUx in longitudinal section. S. Theoretical floral diagram of 
P, aur-iM after Velenovsky. d,.-disc.; e, embryo; .stigma. „D-R enlarged, 
(E, G,. K, L,. N afte,r Eiehler; F, H, I, -M, ..after Berg and Schmidt.) ; ' ' 
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celled ovary , with parietal placentas beaiiiig gene,rally 
iinineroiis anatropous ovules. There .is no periaiitli but the 
axis is expanded beneath the sporophylis into a variously 
developed disc. Fruit, a capsule dehiscing by two valves. 
Seeds very small with a thin testa; embryo straight, sur- 
rounded by a trace of endosperm. 

Trees or shrubs with simple alternate stipulate leaves. 

One family, Salicaceae, containing two genera, Salix 
(Willow), Sbjid Poptilus (Poplar), chiefly north, temperate but 
extending into alpine and arctic regions , where the plants 
become shrubby; extreme forms, such as Salix herbacea and 
S, reticulata, are small plants -with slender creeping stems and 
branches on and beneath the ground sending up catkin- 
bearing twigs. A few species occur in the' warmer parts of 
the world. 

The adult plants shew considerable variety of habit de- 
pendent on the maimer of branching. The branches are of 
two kinds: (1) vegetative, which go on growing at the tip 
(Poplars) or are closed by abortion of the terminal bud (most 
Willows), bearing axillary foliage-buds, and (2) dwarf- 
shoots, borne generally in the axils of the previous year’s 
leaves, ending in a catkin and bearing either scale-leaves 
only or also foliage-leaves. The outermost bud-scale stands 
directly over the subtending leaf and is formed by union of 
two lateral scales, as is indicated by the presence of two main 
nerves, and especially also by the two axillary shoots wdiich 
stand before the two portions of the bud-scale. 

The simple scattered leaves vary in form from linear to 
cordate; individual species may shew great variety in leaf- 
form.as in Salix repens or Populus euphmtim. The stipules 
often fall early. 

A constant anatomical character is the superficial origin 
of the periderm, which in Salix arises from the epicleriiiis, in 
Populus from the next lower layer. 

The catkins fall as a whole, after serving their purpose; 
the ..male, after 'flowering, the female after bursting of the 
fruit. The flowers, which are sessile or have a shorter or 
longer staft,. stand each in the axil of a bract, which in the 
..WillowS' is entire and hairy, in the Poplars lobed, or cut. 



SALICACEAE 


The bracts on the axis of the ■inflorescence are arranged 
spirallj^ or in alternating whorls. Except for the rare occur- 
rence of bisexual flowers and the occasional appearance of 
male and female flowers in the same catkin the flowers are 
dioecious. Hegelmaier{.i) states 'that they are formed in July 
of the year preceding that in which they open. The male 
flower contains in the Willows usually few stamens (1 to 8, 
rarely to 12), in the Poplars the stamens are usually numerous 
(4 to 40) ; the number is fairly constant in the same species ; 
ill Salix inca:na and 8. purpurea thej^ are united in a ring at 
the base. The female flower has two transversely placed 
carpels, rarely, in some Poplars, there are four. The two to 

! foiir stigmas, which are generally sessile, more rarely borne on 
a style, are either lateral (above the midrib of each carpel) 
as in Poptilus and some species of Salix, or, in other species 
j of SaMx, aiitero-posterior (above the ventral sutures of the 

. carpels). The ovules are generally numerous and arranged 

on two parietal placentas. Van Tieghem finds a shorter 
inner integument in Populus, while in Salix only the outer 
integument is present. A similar difference occurs in the 
family Piperaceae where the ovule of Piper has two integu- 
ttieiits, that of Peperornia only one. 

# Beneath the sporopliylls (which are sometimes carried up 

beyond it on a stalk, as usually in the female flow^er of Salix) 
is a development of the axis which shews a variety of forms. 

I In Populus it is an oblic{ue cup, more developed in front than 

j behind ; in Salix it is often reduced to one or two small 

^ glandular teeth, which, in a few species, unite to form an 

inconspicuous ring ; the reduction is generally greater in the 
female flower. In its size and early development as the first 
organ of the flower the cup-like structure in Populus con- 
trasts with the less conspicuous structure in Salix \ and this 
led Hegeliiiaier to suggest that the structures were not com- 
parable in the two genera. 

Eichler's hj^pothesis that the flowers of Salix are degenerate 
derivatives of a bisexual flower has recently been developed by 
Velonovsky (2) who in abnormal late-flowering specimens oi S. 

■ aurUa found that in both male and female flowers the median gland 
opposite the bract (that is next the axis) was more or less split and 
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displaced iateraiiyv forim^^ a pair of fiat lanceolate scales. .He 
interprets; these as representing 'a pair of bracteoles (a and /3). 
In the male flowers ah anterior gland was also generally iwesent 
(as oconrs norina.liy- in 8. pentmidra) which always retained its 
scaiedike fonn and never ■di\flded..' - This structure Yeleiiovsky 
regards as representing the remains of a perianth, and compares 
the male flower with that of Jiiglans where the five sliiiiiar scales 
represent a pair of bracteoles and three perianth, -segments. 
Similarly the ciip-like disc oiPopukis is interpreted as representing 
a perianth and a pair of bracteoles. The periantli-leaf is regardcal 
as the remnant of a poiymerons perianth and the reconstructed 
bisexual flower of Salix is- represented as shewn in the 
diagram (fig. L S) which depicts a 2-meroiis flower with a theoreti- 
cal posterior perianth-segment and- the indication of a suppressed 
iiiiier whorl of stamens. With tins may be compared EicMer’s 
theoretical flower of Myrica. The additional stamens which are 
often present ill are. explained by doubling of the median 
stamens; or the development -of the- inner series. , 

'It is assumed that the original floral' plan of Fopulus, My rim 
and the Juglandaceae ooiitained numerous stamens and several 
perianth-leaves from which' the present-day flo'wers have l.'ieen 
derived hjvreduction ill various stages. ■ 

This comparison of the flowers suggests tiuit the Salicaceae arc 
.most nearly related to ."the Myricaceae and Juglandaceae, and 
not to the Piperaceae- alliance to w^hich. Tan Tiegliem (S) referred 
them on account of the presence of a .second owiiar integument 
(regarded as aborted in -and the. trace of endosperm wliieli 
he finds in. the seed in the form of a’ la.yer of oil-coiitaiiiiiig cells 
hetween..the embryo- and the- seed-coat. A similar la;\'er oecuirs in 
■.many other rep'utediy exalbuminous seeds., 

■ ■ The: .Poplars - are^::TOnd-polhnated and have pendulous 
catkins, at least- in.; the male;, the Willows, on the other 
hand, .with erect catkins, .are pollinated' by insects, many of 
which ; visit -their flowers ' in the^ ' early spring, nearly, - ninety^ 
different species being recorded by -Miiller. The associatioii of 
a large' number of, flowers in 'one inflorescence and the bright 
yellow colour of ' the anthers in, the male flowers render the 
catkins conspicuousgespeciaUy among the, bare twigs, wiieii, 

' .as „ in, m,any., species, ,the .flowers are . developed before, the 
:leay,es-.;,;The^ large,- store- 'of nectar and pollen. are. an attraction 
to the insect at a time when 'nectar-secreting flowers are rare ; 
many bees .resort almost 'ex'elusively to/Wlllows in, .'■search, of 
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food for tlieir young (Miiller). Even the tiny && hsrbacea, 
straggling over the bare rock of the high Alps, attracts^ by 
its abiiiiclaiit supply of nectar, several insect-visitors in. spite 
of its iiicoiispiciioiis flowers. 

The study of Willows is rendered very difficult by the 
occurrence in nature of hybrids, the production of which is 
facilitated by the prevailing dioecism. • These hybrids may 
themselves hybridise, and Wichura(4) has produced by experi- 
nieiit unions of still higher complexity. 

The two valves of the dehiscing capsule bend outwards or 
become spirally rolled. The seeds are very small and owing 
to the very thin testa become easily dried up. The time during 
which they remain capable of germination is accordingly short. 
On the other hand, the long silky hairs developed from the 
fiinicle, by wdiicli they are enveloped, effect their speedy 
distribution either by wind or by water and when stranded 
in sufficient^ damp soil they will germinate in less than a 
day, and in a few days the seedling develops its first foliage - 
leaves. Rapid germination is rendered possible by the 
development of mucilaginous hairs on a raised girdle round 
the base of the hypocotyl and on the tip of the root while 
the embiyo is still in the seed. 

Plants are also very easily propagated by cuttings which 
root quickly in damp soil or water, forming trees or bushes 
in a short time. 

Four centres of distribution of the Willows have been dis- 
tinguished ill the north temperate zone : (1) the district round 
Behring’s sea, (2) Central Europe, (3) the Himalayas, and 
(4) Pacific North America. The tropical forms are widely 
distributed; in the Tertiary period the}^ seem to have ex- 
tended further north than at present. According to Nath- 
orst’s researches the arctic forms ' reached at the Glacial 
period into the more temperate regions. The genus Populm 
inhabits the temperate regions of both worlds, but does not 
reach the Arctic zone, though, fossil remains indicate that it 
did so ill Tertiary times; Eastern Asia and .Atlantic North 
America .are: especially rich in species. ' 

: Of the two genera, (Poiilar) has: broad leaves, peiidiibus 
catkins/ at least 'in the male plant, a cup-ii'im xlisc,'.imineroiis 
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stamens and a iobed or cut bract. There are about W species, of 
which P. (White Poplar or Abele), P. mnescem (G-rey Poplai*), 
P. tfemula (Aspen) and P. nigra (Black Poplar) are British ; P. Halim- 
(Lombardy Poplar) of doubtful origin has been regarded as a variety 
of the last. Fossil remains, chiefly leaf-specimens, closely reseinl3liiig 
recent species, are known from Tertiary formations. Several species 
are planted as ornamental trees, or for screens, owing to their rapid 
growth : the young shoots and buds are sometimes rich in a balsam . 
The timber is soft and easil^^ worked, but not durable: several 
species are used in paper-making. 8alix (Willow) has general iy 
narrow leaves, erect catkins, a clisc reduced to one or two ueetar- 
secreting glands, generally few stamens and an entire bract. There 
are about 160 species besides numerous hybrids. The great vari- 
ability of the true species and the ease with which hybrids arisen 
spontaneously render the genus one of the most difficult for 
study. It may be divided into three tribes, characterised by the 
number or cohesion of the stamens: (1) Pleiandfae-—Bimiim\^ free 
and throe or more in number, including the British species 
8. fManclra, 8, loentandra, 8 . fragiUs and 8. alba; (2) Diandrae — 
stamens two, filaments free, including most of our British species, 
e.g. 8. cinerea, 8. Cajyrea, 8. viminaUs, 8. Myrsinifes and others : 
and (3) 8ynandme — stamens two, monadelphous, including the 
British species, 8. piirpiirea. Fossil remains (ineliiding catkins as 
well as leaves) are frequent in Europe, America* and tlie Arctic 
zone in Tertiary strata of diflerent ages. Many species are valuable 
as timber-trees from their rapidity of growth and the production 
of light durable wood; the wood oi 8, caerulea., a hybrid betweeu 
8. fragiUs and 8. alba occurring in the Eastern Counties, is used 
for cricket-bats. Some species, known as Osiers, are used for 
basket-making and wicker-work. The bark contains much tamiiii 
and a valuable medicinal giucoside, salicin. Several are orna- 
mental trees such as 8. White Willow, and 8, babylonmi, 
Weeping Willow, a native of China or Persia. 
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Order 2. GARRY ALES 
Family. GARRYACEAE 


^ The geruis Garrya, formerl}^ included in Gornaceae as aii^ aiio- 
iiialoiis genus, has been removed from that as it has a 

superior ovary, and apetalous or naked flowers arranged in catkins.. 
It is regarded by Engier as the type of a distinct order Garryales, 
which he places among the anientiflorous orders next to Salicales. 
It comprises the single 
genus Garry a, with 13 
species in California and 
the dry region of the south- 
west United States and 
Mexico. 

The plants are dioe- 
cious evergreen shrubs, 
or sometimes trees, with 
opposite entire leathery 
leaves and small flowers 
in pendulous silky-hairy 
catkins. The flowers stand 
two or three 
the axils of 
closely arranged opposite- 
decussate bracts ; the 
male are kS talked, the fe- 
male sessile. The male 
have a simple four-leaved 
perianth, the leaves often 
remaining united at the 
tips and allowing the four 
stamens, wiiich alternate 
with them, to protrude 
betw^een them,; the sta- 
mens are free, with long 
anthers which open length- 
.. •wise; ill the centre of the, 
fiow'ur is ,a small conical 
rudiment of an ovaiy. The 
female floivers , are. naked, , 


singly ' or 
together in 



consisting of u' oiie-celied 
ovary bearing apair of long 
spreading styles w^hich 


Fig. 2. A. Male catkin of Garrya dliptlca. 
B. One pail* of bracts of same from wliicli 
protrude several flowers. C. Male flower. 
1). Portion of female catkin with bract cut 
away on one side exposing the flowers. 

E. Female flower in longitudinal section. 

F. Fruit in longitudinaf section. B to F 
enlarged. (B, E after Engier; P after 
Baillon.) 
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bear stigmatic papillae on the inside. From the top of the ovary- 
cell hang two aiiatropons ■ ovules, each with a single often in- 
complete iiitegiimeiit; the inicropyle is turned outwards and 
above it is an obturator or projecting thickening of the fiiiiicle. 
The fruit is an egg-shaj)ed or ronndisli, 1- or 2-seeded berry 
crowned by remains" of the styles. The seed lias a membranous 
coat, and contains a very small straight embryo near. the top of 
the copious fleshy endosperm, 

. Garry a eUvptica is grown as an ornamental shrub, the long 
pendulous male catkins formhig an attractive contrast with the 
green of the leaves. 

Orders. JUGLANDALE8 

Flowers unisexual, in catkins (at,, least the male), naked 
or with a simple scale-like perianth w^icli is more or less 
united to the ovary in the female. Male flower with a variable 
number of stamens; female of two united carpels; ovary 
unilocular, containing a basal orthotropous ovule with usually 
one integument. Wind-pollination. Sometimes clialazogamic. 
Fruit a nut or drupe-like; often more or less enveloped by 
the persistent bracteoles. Embryo large, almost completely 
filling the seed, straight, with a superior radicle and two large 
cotyledons containing starch or oil. 

Trees or shrubs with alternate simple or piniiately com- 
pound exstipulate leaves; rich in aromatic compounds. 

Two families, Myricaceae and Juglandaceae. 

Juglandales resemble Fagales in the arrangement of the 
unisexual flowers (at least the male) in catkins, which are 
here, however, simple inflorescences; the general plan of 
structure of' the flowers' is also somewhat similar, the 
presence in some genera of a pistil-rudiment in the male 
flower suggesting their derivation in each case from a group 
with bisexual flowers. In both orders the bracteoles play an 
important part in the protection and distribution of the 
„Truit.., .The epigyny ..of the perianth in Fagales may, be 
. compared with the various' stages' of union of the perianth to 
the' ,o,vary ^'in, ,Juglandales.,^' A constant and important, dis- 
ti.ngui.shmg, feature is found, in the unilocular .ovary of Juglaii-. 
dales':, with its., single, orthotropous .ovule:.; .The presence of 
, ..aromatic .compounds in 'the. leaves is also' distinctive.. : 
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Family I. MYRICACEAE 

/ Flowers iiioiioecioiis or dioecious, .without periantli but pro™ 
tectecl by the bract and sometimes also hj a pair of scale-like 
bracteoles. .Male flowers with 2~20, often 4, stamens. .Pistil 
of two ca,rpels in the median plane bearing a pair of long 
thread-like stigmas. PYuit a small drupe with generally a 
\rax-secretiiig exocarp. Embr3m surrounded' by a one-layered 
endosperm containing oil and proteid; cotyledons thick, 
plaiio-coiwex. 

Shrubs or trees with flowers in short scaly spike-like cat- 
kins and simple rarelj; pinnatety cnt stiff leaves containing 
yellow aromatic resin-glands. 

One genus containing 60 species. Widely distributed. 



Fig. 3. A. Two male catkins of Myrka Gale, B. Male flower of same with sub- 
tencliiig bract, enlarged. C. Female flo'wer of M. \vith sub- 

tending bract and pair of lateral bracteoles, enlarged. D. Fruit of Jf. Gale, 
enlarged; r/, resin-glands. E. The same cut lengthmse (less enlarged than D) 
sliewing the contained seed also in section. (A, B, I) after Wettstein; C, E 
, after Engler.) 

Myrica GaZe, Sweet-gale or Bog-myrtle, is a twiggy low- 
growing shrub, common on bogs and moors in the British 
Isles and occurring in Western and Northern Europe, North 
Asia and North America as far south as Virginia. The 
remaining species occur in the mountains of tropical Africa 
and in South Africa, the Canary Islands, on the Himalayas 
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and tlia ' inountains of tropical As in Eastern and Hortli 
America, the West Indies and on the Andes of South America. 
In contrast with, the restricted deTOlopiiieiit of iff rim in 
Europe at the present day,... fossil remains indicate a rich 
de¥elopment during the Tertiary period, extentling into the 
Arctic zone. 

The leaves, which often shew a f phyllotaxy, are stalked, 
and have an entire, toothed or more or less deeply cut, blade 
often shewing mde polymorphism on the same plant. On 
both the upper and lower epidermis, but generally more 
abundant on the lower, are shallow depressions containing 
yellow aromatic resin-glands. Root-tubercles similar to 
those of leguminous plants are frequent. The catkins are 
simple, as in M, Gale, or branched. In M. Gale and the 
x\merican M. aspleniifolia they are arranged along short 
branches which cease growth after development of thestaiiiens 
or of the fruits and perish after fall of the pollen or seeds. 

This character is sometimes regarded as justifying the separa- 
tion of these two from the remaining species, which then comprise 
the genus Myrica, the Sweet-gale becoming a distinct genus Gale, 
while the American species, in which alone stipules occur, comprise 
a third genus Comptonia. There are also differences in the fruits 
of the three groups (i } . 

The catkins arise from axillary buds; the bracts, which 
are small and seale-like, have, like the foliage-leaves, a | spiral 
arrangement or one easily derived therefrom. 

In some species male flowers appear below the female, 
forming androgynous catkins; bisexual flowers also occur 
occasionally. The stamens shew a wide variation in number, 
from two to twenty. Sweet-gale usually has four. They arise 
spirally on the floral axis which is quite short (Iff Gale) 
or undergoes intercalary growth in length separating the 
tilaiiients at different heights. When bracteoles are present 
(as in. Jf . cenj/em) these arise in precisely the same way as 
, the stamens, and follo.w the same phyllotaxy; their arrange- 
ment: right and left in^ a plane at right angles to the bract, 
is such as to ,, form .with The bract a perianth-like protection 
tO; the .stamens. The anthers .hear' four, pollen-sacs which 
open extrorsely by, two longitudinal slits. : 
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The female catldiis develop more slowly than the male 
and are much, smaller at time of flowering; in M, Gale the 
flowers are produced before the leaves. The ovary is formed 
at the apex of the floral axis, which bears below a pair of 
(sometiiD.es three or four) lateral bracteoles, the subsequent 
development of which varies in the three sections (or genera) . 

Dave}" and Gibson (2) fi.nd that there is always a small proportion 
of monoecious plants in Myrica Gale which shew ail gradations 
between the normal staminate and pistillate types, and that the 
sex of a btish or shoot may vary from year to year. They describe 
three grades of monoecism, namely, plants or shoots bearing 
staminate and pistillate catkins of the normal type, jolants bearing 
androgynous catkins, and plants with shoots the bulk of whose 
catkins consist of bisexual flowers. The last-named are inter- 
mediate in size between the normal pistillate and staminate 
catkins. The bisexual flower contains a centrally placed ovary^, 
similar to that of the normal female flower; round it are three or 
four stamens united to the base of the ovary and just below 
these oil the very short floral axis are two minute lateral out- 
growths corresponding to the bracteoles of the normal female 
liow^er. Both stamens and stigmas are functional and the flowers 
are proterogynous. They are capable of producing functional fruit. 

Eicliler had suggested that the flower was derived from a 
i^-nieroiis hermaphrodite type: he regarded the additional bracteoles 
which sometimes occur in the female flower as representing a 
perianth. 

E. M. Kershaw (3) finds that the single integument in the ovule 
of Myrica Gale is provided with a ring of vascular bundles ; she 
compares this with the occurrence of vascular bundles in the 
ovule-integument of Juglaiis and Juliania and regards the phe- 
nomenon as indicating the primitiveness of the three families, since 
a ring of biindies also occurs in the integument in Trigonocarpus 
and other fossil seeds. 

In Gale each bracteole until after fertilisation is repre- 
sented only by a small lobule, but during development of 
the embryo they grow up round the fruit to form a pair of 
floats which become detached wdth the fruit and aid in its 
distribution; the pericarp is thin and tough. 

In Gompfo 7 iia the ^ bracteoles develop with the ovary, and 
gradually envelop it forming a- cupule around the nut-like 
fruit, which ultimately falls out. ' 
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, , 111 tlie restricted If papillate emergeiicesto^^^^^ developed 

on the ovary in spiral suecession from below upwards. In 
the frnitj 'which is driipe-like, the hard mesoearp is covered 
with a parenchymatous exocarp, the develop iiieiit of wdiieli 
varies ill different species. The papillae may become siiccm 
lent, or covered' with hairs, bnt in most species (e.g. J/. eeri- 
fera) bear a thick white layer of wax. The fruits are splierical 
or ovoid, and vary from less than jW in. to I in. in diameter. 
The bracteoles in this section remain rndimeiitary, or if de- 
veloped dry lip after the flowering period. 

The seed has a single thin coat, to the inner face of which 
adheres an endosperm of a single celldayer with oil and 
proteid contents. The rest of the seed is occupied by the^ 
embryo, which has a superior radicle and two large plano- 
convex cotyledons which contain starch and oil, and in 
germination are carried above the ground by groivtli of the 
hypocotyl. 
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Family II. JUGLANDACEAE 

Flowers monoecious. Male ■inflorescence a niany-flowored, 
catkin, each' flower in the axil . of a' bract, with a pair of 
bracteoles and often a perianth of a' few scale-leaves ; stamens 
,,'3*"4()';, a' rudimentary pistil is sometimes present. .Bract and 
bracteoles- in The female' flowor free or more or less iiiiited 
^ with the ' ovary, ■ as . is also the inconspicuous usually 4- 
nierous ■, periantli ; ■carpels two, . median or transverse . with a 
pair of stigmatic. style-arms ; rarely three carpels, are: present, 
hruit a drupe or nut wdth a thin or fleshy exocarp ; e;ndocarp 
hard with two or four incomplete-septa. :Embryo with fleshy 
four-lobed corrugated or foliaceous cotyledons.' 
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Trees witli gewally large conipound^ aro- 

matic leaves. 

Six genera; about 35 species. Warmer parts of tlie iiortli 
teiiipeiute zone extending into 

CTerinination is usually hypogeal, the large fleshy coty- 
ledons, remaining in the seed; but in Pterocarya .the inucli- 
divided cotyledons are leaf -like and are carried up by growth 
of the liypocotyl to form the first green leaves of the plant. 

The buds are protected by thick leathery or felted scales, 
the outer of which, especially in Pterocarya, sometimes hear 
a small piiiiiately cut rudimentary blade. They are borne 
soiiiewhat above the leaf-axil; frequently, as in Carya, there 
are two or three in a vertical series. The leaf-scars are large 
and bear three groups of vascular bundles. 

The pendulous male. catkins are borne laterally, generally 
on naked branches of the previous jeecr. The flowers are 
subtended a bract with wliicli are united a pair of hracteoles 
and often several scale-like perianth-leaves; the floral axis 
is more or less elongated in the direction of the bract and 
bears an indefinite number of stamens; a central rudiment 
of a pistil is sometimes present. The short filament bears 
an erect anther which opens by two lateral longitudinal slits. 

The male flower shews considerable variation in number 
of stain eiis and development of perianth. Pterocarya has a 
symmetrical four-leaved perianth the , anterior aiiember of- 
which is the largest; the three hinder members may be more 
or less rudimentary or absent, the perianth consisting of 
three members or being reduced to the anterior one alone. 
The number of stamens varies between 8 and 16 and their 
arrangement seems to follow no definite rule ; a rudiment of 
a pistil is sometimes present. Similarly in Juglans the 
number of perianth-leaves is variable, two to five. Eichler 
figures three as representative,' but ]Nicoloff(o), following 
De Candolle (1), regards four as the typical form. In the 
lower flowers of the, catkin there are as many as 20 stamens, 
but in. the, upper flowers, the number is reduced to eight or 
six ; there is no trace of a pistil. . . . 

In Oaryu the perianth is, absent,, and the, stamens number 
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4 to 10, though sometimes reduced to three oi two. In 
PZa«i/car2/a neither bracteoles nor periantli are present; the 
stamens number 8 to 10; and a pistil is often represented by 
a rudiment. It would appear therefore that the male llo^\'er 
is derived from a bisexual flower with an indefinite number 
of stamens and a several-leaved perianth. 


The female flowers are generally borne at the end of a 
leafy shoot of the current year and are few in nuinber, as in 



Fig. 4. A, Shoot of Juglmis regia shewing male and female infloreseeiices. 
B. Male flower of same. C. The same viewed from behind sliewing arrange- 
ments of floral leaves. B. Floral diagram. .E. One stamen. F. Male flower 
of Cary a alba. G. Floral diagram of same. H. Female flower of Jugla/ts 
regia, I. Floral diagram of same. J. Longitudinal section of same to shew 
chalazogamy. K. Female flower of Engelhanltia spkata. L. ‘‘Nut” uf 
J. regia cut lengthwise, M, The same cut across. 6, bract; a, braeteoles; 
p, perianth; p{in J), pollen- tube; e, embryo-sac; c, clialaza; n, endocarp; 
f, radicle, c, cotyledons. A, L, M reduced, B, C, F, J, K enlarged. 
(A after Wossidlo; C, B, F, G, K after Engler; J after Nawaschhi.) 

Juglans miA. CaTya\m Pteromrya and Engellmrdtia they form^ 
■many-flowered terminal {Pterocarya) or, axillary {Engel- 
hardtia) .pendulous ..catkins, The .female , flower .consists 
essentially of a bicarpellary ovary containing an, erect, ovule 
,grow.ing '.from the base and .'surrounded by an apparently 
single .integument,, and bearing'^a pair of styles with stigmas 
BE the inner face. ' ' d; 
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According to V.an Tiegheni ( 7 ) 'the integument in Juglcms, wMcli 
is provided witliariiigof vascular bundles, represents both inner and 
outer integuments. An additional partial outgrowth at the base 
of the ovule has also been described in Juglans. It consists of a 
pair of outgrowths from the placenta, apparently composed of a 
system, of conerescent trichomes which grow until they abut on the 
carpeilary -walls and more or less fuse with them (6). It is through 
this tissue that the pollen- tube makes its way to the chaiaza. 

There has been considerable discussion on the structure and 
deveiopment of the female flower and the relation of the ovule to 
the carpels. Van Tiegheni (7) states that the vascular supply for 
each of the floral leaves is given off from the stem-stele at the 
base of the flow^er, and the ovary is therefore superior ; also that 
the ovule though apparently developed from the top of the floral 
axis is reall^Y an outgrowth from the carpels, one or both of which 
contribute to its vascular supplj^; Benson and Welsford (6) come to 
the same conclusions. Nicoioff ( 5 ), on the other hand, does not accept 
Van Tieghem’s deduction from the course of the bundles and 
maintains that the ovule is a development from the top of the 
floral axis and that the carpels have no part in its formation. 

The ovule is not developed at the time of pollination. The 
position of the carpels is sometimes median (^Juglans^ 
Ptewcarya^EngelhcmUia),^^ transverse {Garya^ Plaiy- 

cwrya). The position of the stigmas also varies, and may 
cjorrespoiid either with the edges or the midribs of the carpels. 
Karsten{2) states that at the time of pollination and later 
the iiiiion of the edges of the carpels is very often incomplete 
and even wdien they are united there is an open passage. 
The bract and pair of bracteoles are variously united with 
the ovary which is also crowned by a small, usually?' four- 
leaved, perianth. In Garya only the posterior perianth-leaf 
is: present and in Platycarya, as in the case of the stamiiiate 
floiver, the perianth is altogether absent. In Jtiglam the 
bract is united wdth the ovary to a little above the niiddle 
and the bracteoles still higher,., um ting to form a toothed, rim 
(fig. 4, H) ; all trace of this is lost as the fruit ripens. In 
Pterocarya bract and bracteoles are almost free in the flower,; 
ill the fruiting stage the, bract disappears, while t/he bracteoles, 
■\riiich have become carried up by the,- growth of 'the lo'wer 
portion of the ovary, form a broad wing in the centre of 
which is the fruity In EngelJiardtia (fig. 4, K.) bract , and 
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braGteoles: are iimted,. wtt the half of the* ovary and 

increase, in the fruit to. form a tliree-'Med im^olitcre siiniiar 
to that of the Hornbeam.' In OaTya they are united with the 
ovary to its apex. In Platycmya the bract is quite free, while 
the bracteoles are united with the ovary and develop in 
the fruit to form a, pair of wings. 

, The flowers open in late spring after imfoldiiig of the leaves 
and are wind-pollinated. Juglansm, Carycni) and Ptem- 
mfv< 3 ^( 2 ) arenhalazQgamic. The pollen-tube grov^s down the 
conducting tissue of the style till near the ovary-cavity when 
it turns and passes down the ovary-wa,ll (fig. 4, J). At a 
point a little below the funicle the tube curves upwards, 
passing through the chalaza to the embryo-sac ; branching 
of the pollen-tube was observed. A micropyiar canal ivas 
present but no pollen-tubes were found to enter it. The fruit 
is drupaceous, having a more or less siicciilent epicarp, in 
the formation of which the bract and bracteoles take part 
when coherent, and a woody or ciaistaceoiis endocarp (stone or 
‘hiut.’’).Tn Oarya the epicarp opens regularly by four valves, 
in the Waln,ut irregularly ; otherwise the fruit is indehiscent. 
The ''nut” opens only on germination, splitting in Juglmis 
and Carya into predetermined halves, the dividing lines 
corresponding with the middle lines (not the edges) of the 
carpels. In the interior of the nut are incomplete septa by 
which the seed, which conforms to the interior, becoines more 
or less lobed. In every case two so-called primary septa in- 
trude from the line of union of the carpels and uniting in the 
lower part of the fruit to a varying height form a central 
column on the top of which the seed is supported (fig. 4, L) ; 
as the ovule is erect the radicle is in the upper part of the 
seed and the cotyledons become two-lobed to fill up the 
space on either side of the partition which crosses the loAver 
■.portion of the fruit {Juglans cinerea, Platycarya, Pngelhardtia). 
Frequently, however, two secondary septa are formed at' 
right angles, to the . primary (and always less developed 
than these), dividing the chambers again so that the seed 
becomes four-lobed at , the. base,,, aS', in JtiglanS' tegia . 

J . nigra, and mo.st, species oi Carya s;ndPterocarya, In Juglam 
and Carya there are 'also additional intermediate ,'outgrowths 
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wliieh never imch the middle of the seed but correspond with 
shallow or deeper furrows on. its contours. . Syiiimetricaliy 
arranged hollows, characteristic of different species, are also 
often formed in the walls and' septa by destruction of the 
tissue during development of the fruit. 

Soleroder remarks that the family is well characterised ana- 
toiiiically. A distinctive feature is the occurrence of peltate 
glands ill all the species. Periderm development is superficial : 
and in the wood the medullary rays are not broad, the perforations 
of the vessels are mostly simple and wood-parenchyma is rather 
abundant. Juglans and Pteromrya have a chambered pith. 

The family is found at the present day in the warmer parts of 
the north temperate zone and in tropical Eastern Asia to China 
and Japan. In North America it occurs mainly on the Atlantic 
side from Canada to Florida {Juglans and Carya)^ with one 
.species of Juglans in California. The Or eomunneci is 

restricted to Central America and there is a species of Juglans in 
the West Indies (Jamaica). Jugla/yis alone is found in both heini- 
splieres. /. regia (Walnut) in preliistorie times grew wild in the 
western Mediterranean region, but is now native in Europe only 
in Greece whence it is found through Asia Mnor to the Himalayas 
and Biirinah. The allied J, nigra is native in the Atlantic United 
States. Fossil remains of leaves and fruits from Cretaceous and 
Tertiary strata indicate a former more northerly distribution of 
the family (represented by Juglans) extending as far as Greenland, 
Saghalien and Alaska, and also a greater community of repre- 
sentation between the eastern and western hemispheres; for 
instance, species of Juglans and described from Tertiary 

beds in Europe closely resemble present-day American species. 
The former distribution of the family resembled that of Fagaceae 
at the present day in the northern hemisphere. 

The seeds are rich in oil and several are edible; e.g. Juglams 
regia (Walnut), (American Black Wahiut) and species of 

'Carry a (the American Hickory). Juglans^ Garya and the Eastern 
Asiatic EngelharcUia areuseful timber trees. Pteromrya fraxmifolm 
-(Transcaucasia) is often cultivated as an ornamental tree. The 
family as a "whole is rich in bitter pruici|)les and tannin. 
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Order 4. JULIANIALES 
Family- JULIANIAGEAE 

Flowers dioecious, green, inconspicuous. Male flowers in catkins, 
or in simple or branched racemes, with a simple 3- to 9-partite 
perianth and an ecpial number of free stamens alternating with 
the perianth-segments; no pistil-rudiment. Female flowers three 
or four, collateral in an almost closed involucre, consisting only 
of a imiioeular ovary and a deeply 3-partite exserted style. Ovule 
solitary, hemianatropous, with a single integument, and partially 
concealed by a much larger fleshy ventral developnient of the 
fimicle. Fruit samaroid, compound and nut-like, enclosed in and 
adnate to the persistent involucre, and borne on the flattened 
wing-like stalk of the partial inflorescence. Eiidos])erm absent; 
radicle long, applied to the edges of the large plano-convex coty- 
ledons, which are epigeal in germination. 

Small resin-containing trees or shrubs with deciduous alternate 
imparipimiate exstipiiiate leaves. 

One family, Julianiaceae^, with two genera — Julkmia, with four 
species in Mexico, and Orthopterygmm, a monotypic genus in Peru. 

This small isolated group is placed between Jugiaiidaies and 
Fagales. It resembles the Juglandaceae in having alternate im- 
paripimiate exstipiiiate leaves, dn the dissimilaritjr of the male and 
female .flowers,, the broad .stigmatic lobes of the .style and the 
single integument of the ovule. The vegetative characters shew 
no resemblance to those of,. Fagales but the characters ..of the 
'inflorescence and flower suggest a closer afifluity with this order 
than with, Juglandaies. The male inflorescence and flowers' and 
also thenmall globose poUeii; closely res.emble those of species of 
Quercus, while the several female flowers arranged side by side' 

1 8ee Hemsiey, W. B. ,“,0n the Jiilianiaceae,: a new natura,i, order, of plants.”" 
Trans, Roy, Soc. Lond, ser, B, cxcix, 169-197 (1907). 
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ill a closed persistent iiiToliicre' racail strikingly what, obtains in 
Fagus and Castama. Jiilianiaeeae differ ' in that the mYoliicre. 
reniaiiis closed in the fruit and the flattened nuts are adiiate to its, 
inner wall ; t!ie,y have a hard sclerenchymatoiis pericarp. Jiiliania- 
(3eae are also distiiigiiished by the . one-celied,' ono-oviilod ovary; 
blit the seeds., as in Fagales, are exaibuininons and the, cotyledons 
are epigeal in germination. In the remarkable stnictiire of the 
ovule the family is unique. * A resemblance also -exists to, the 
Aiiacardiaceae in the foliage, the presence of resin, the reduced 
iiiiisexiial :fl,.owers, the solitary exalbiimiiions seed and the form 
of the embryo; there is also a resemblance in anatomical char- 
acters. 

Order 5. FAGALE8 

Flowers unisexual, in catkin-like generally compound in- 
florescences ; the female flowers often a few together. Male 
flowers generally adnate to the bracts, sometimes with a simple 
inconspicuous perianth ; female protected by the bract and 
bracteoles, sometimes wdth an inconspicuous superior perianth , 
of two or three (rarely six) carpels forming an ovary of as 
many cells, each with one or two pendulous ovules. Fruit a 
one-seeded nut associated with the persistent bract and 
bracteoles. Endosperm absent, embryo straight. 

Trees or shrubs with simple alternate leaves, usually in 
two rows, with deciduous stipules. 

Twm families, Betulaceae and Fagaceae. 

. : Family I. , BETULACEAE 

Flowers monoecious in unisexual catkin-like compound 
inflorescences. Perianth, when present, of small scale-leaves 
which vary in number and are free or united ; superior in the 
pistillate flower. The male flowers adhere to their bract and 
contain 2-12 stamens which are generally divided; there is no 
rudiment of a pistil. The female flowers have a bilocular 
ovary with twm styles ; each chamber contains a pendulous 
anatropous ovule with one integument. Fruit with one seed ; 
during its ripening the bracts -undergo considerable develop- 
iiient. The embryo with its large oil-containing cotyledons 
fills the seed. 
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Genera 6 ; species about 80. 

The family is to-day, as in past ages, characteristic of the 
north temperate regions of both hemispheres. In the Old 
World species ol Alnus occur as far south as Bengal, while in 
the NewWorldi4Z>w«acitTOMiato extends along the Andes from 
Mexico to Argentina ; Ostrya and a species of Car^nmis are 
found in Mexico. 

Except in the Hazel {Oorylus), where they remain in the 
seed and fruit, the cotyledons are epigeal in germination, 
forming a pair of small shortly-stalked green leaves. The 
foliage-leaves have generally a crenate or dentate margin and 
are spirally arranged on the primary axis, but on the branches 
become distichous, except in the largest section of Alders 
where the arrangement is one-third. Except in the Alders 
{Alnm) terminal buds are not found in the adult plant. The 
stipules serve only for bud-protection and fall when the leaves 
unfold. 

In most species of Alnus, including the British representa- 
tive, Alnus glutinosa, the buds are enclosed only by the pair 
of stipules of the first foliage-leaf. In Betula (Birch) the 
covering consists of two or three pairs of bladeless stipules ; in 
Garpinus (Hornbeam) and Oorylus (Hazel) these are preceded 
by two entire scales. The leaf-blade is generally plicate 
along the lateral nerves ; in Gorylus it is folded at the midrib 
with upwardly directed halves (condupHcate). The young 
branches and leaves in the bud bear glands in which a 
resinous secretion forms beneath the cuticle, and by the 
rupture of the outer layers of the latter is poured out on 
the surface. When the leaves unfold the glands sooner or 
later (AZtos gtofwosa) disappear. 

Periderm arises in the outermost layer of the cortex. In 
Gorylus and Betula the cork-layers are alternately composed 
of wide and narrow cells; peeling of the bark is caused by the 
tearing of the former. Birch-bark owes its white appearance 
to the scarcity of cell-contents in the cork-layers. 

The catkins terminate the growth of branches -which 
bear belo-vy them foliage-leaves or at least bud-scales. In 
Alnus, species of HeZwZa, and OsZrya the male catkins are 
developed at the ends of last’ year’s leaf -shoots, and pass the 
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winter iiiiproieehHl by bud-aeales. A tassel of catkins often 
results from their production' also.', on short Ijranclies just 
below the ciicl of the same shoot.. 'In CJorylus, where they are 
also iiakecL they are borne on .lateral dwarf-shoots, which 
are iisiiail\' arranged in a racemose manner, and similarly, 
blit protected by biid-scales, in- Carpinm^ Ostn/opsis and 
nuiny species of 

The female catkins of Gorylus and Gmpm/m terminate, 
leafy brancdicis. In the former the branch does' not elongate 
till t.he flowers have been pollinated, the red stigmas pro- 
jecting ill a tuft from, the tip of the axillary bud. In Betula 
and some species of Ahius (§ Alnaster) they are borne' on 
few-leaved dwarf-shoots, often with the addition of several 
lateral catkins forming a raceme. In the two other sections 
of Almis (including the British species) the female catkins 
(solitary or in racemes) spring from a leaf-axil below the 
male, ■without bud-scales or foliage-leaves. 

The bracts are arranged spirally on the axis of the catkin 
which is almost always a compound inflorescence, contrasting 
with the simple spike of the Salicaceae and Juglanclales. 
In - what : .may be ' con- 
sidered the typical case, 
there is in the axil of 
each bract a group of a 
three flowers forming a 
dicliasium; the middle 
flower is, however, often 
absent; more rarely this 

alone ib present, and the - Typical dichasium of Betulacea-e; 

catkin becomes a simple bract subtending 1, central flower; 

Va “> (8, lateral bracteoles subtending tlie pair 

tepuvL . lateral flowers 2, 3 ; a\ bracteoles of 

The male flo\yers are the lateral flowers. 

more or less united with 

the bract and bracteoles. A perianth is absent or there is one 
of siiiall scale-leaves with free or- united parts. The number 
of stamens varies, the Birch has tivo, the Hazel four, the 
Hornbeam ten. Except in and Ostryo^ms they are more 

or less divided, either the anther'-halves only being separated 
or the filament being also more or less split' lengthwise. 
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111 the female flowers the perianth is absent or present and 
epigyiiouSj consisting of a varying number of small scales. 
There are always two carpels, united to form a bicarpellary 
ovary ; except in Gorylus, they are placed transversely to the 
floral bract. At the period of pollination, which is efiected by 
wind, only the two long styles have developed; the ovary' 
cavity and ovules form later,. Each of the two loculi contains 
a single pendulous anatropous ovule, with one integument. 

Owing to the abortion of one of the two ovules the fruit 
is. one-seeded. . The pericarp is thin, or stout and hard as in 
the Hazel; it is crowned by the remains of the styles and 
the perianth, if present. The bracts become more or less 
changed during the ripening of the fruit. In the Birch and 
some . Alders the fruit bears a pair of lateral wings which 
assist its dispersal. The embryo vdth its large oily cotyledons 
fills the seed. 

As we have seen, the female flower consists of but little more than 
the pair of protruding styles at the time of pollination. Several 
months may elapse before fertilisation occurs, the pollen-tubes 
remaining at rest in the tissue of the style during the de velopment 
of the ovary and ovules. On resuming growth, the pollen-tube 
(ill Betula, Ahvus, Gorylus and Gariyinm, the genera examined), 
having entered the ovaiy-eavity, does not penetrate the inicropyle 
but passes directly into the tissue of the placeiita, and entering 
the fnnicle passes up the raphe into the micelliis by iray of 
the chalaza. In the Alder the route is an ©xceptionaliy roiiiid- 
about one, the tube passing into the upper part of the nuceiliis 
and then bending down again to enter the embryo-sac (ivhich is 
in the middle of the nucellus) at the upper end; a blind recurving 
branch is formed on the tube at its entrance into the miceilus. 

In Beiula and Ahvus there is a single embryo-sac of the usual 
structure. Gorylus and Garpinus on the other hand shew a re- 
seiiiblaiice to Gasuarina in the formation of a sporogeiioiis tissue 
from 'several axial strands in the micelius. Several embiyo-saes 
are formed, om {Gorylus) or more {Garpmus) of which send blind 
prolongations '(caeca), .resembling .those described by Treiibdii 
Qammina, down to .the -'.base - of the. nucellus. , lU' Garpimis the 
pollen-tube enters the.. base of the caecum and passes up o,n its 
way to the definitive nucleus and.the.Q.osphere. The course of eve.iits 
.ill .the ovule of so closely resembles ..that.. in Gasuarina 

.as- to have suggested a relationship, between the .two genera .{ 1 , 2 , S). 
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Two subfamilies may be distinguished; they ai^e of ten regarded 
as distinct families but have. ■ much in common, includiiig the 
clialazogaiiuc route of the pollen-tube. 

Siibfamil^^ I. Coryloideab. The male flowers are solitar};^, the 
inflorescence being a simple spike; they have no perianth. The 
female flowers have a perianth; the bract and pair of bracteoies 
unite in various ways in the fruiting stage. There are four genera. 
Ostryopsis has one species in Mongolia and North China ; 
Ostrya has two species in Southern Europe, Asia Minor, 
Eastern Asia and North and Central America. Several species 



Fig. 0. Corylus Avellana, A. Flowering twig, A male catkins, 2 female catkin. 
B. Male flower seen from above, shemng the four split stamens adhering 
to the “bract” formed by union of the bract h, and bracteoies a, |3. C. Dia- 
gram of the same. B. Pair of female flowers; 6, bract; i, involucre formed 
by union of the bracteoies. E. Biagram of the same. B, D enlarged. 

oi Ostrya occur fossil in Tertiary, .strata, one in G-reeiiiaiid. 
Cmpinus, with about 20 species, is widely spread in the iiortheiMi 
hemisphere. A large number of fossil species have been described 
from the Tertiary, but most of these shew very slight differences 
from the Hornbeam {C. Befulus), a native of the southern half of 
England, where it forms a small tree with smooth light grey bark 
and -white wood of close texture; . it extends through Central and 
Southern Europe to Persia. In the bud the blade is plaited parallel 
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. .. to tke lateral nerves. , The female flowers, as in Corylm, are in pairs. 
^' Tiie hard -green fruit, about i- inch long, is borne on the base of 
a leafy trifobed bract wMch is -formed by the union of the bract 
and bracteoles and aids in the distribution of the somewhat heavy 
fruit by the wind. Goryhts has about eight species, with a range 
extending from Central and Southern Europe to Eastern Asia, 
and throughout temperate and North America. Fossils are knouui 
from the Tertiary, one species occurring in the Miocene within the 
Arctic zone. The Hazel (0. Avellcma) is a widely spread European 
bush occurring in the British Isles as far ' 11011.11 as Orkiie^^ The 
asymmetrical leaves are plaited parallel to the midrib in the bud. 
The female flowers of Gorylus difl^er from those of the other three 
genera in having the carpels placed medianly {fig. 6, E), not trans- 
versely, to the subtending bract, wdiich in the fruit forms "with the 
bracteoles a green irregularly out cup surrounding the central nut. 
Bisexual flowers have been observed in the Hazel. 

Subfamily II. Bbtitloideae. The male flowers are in three- 
flowered dichasia ill the axil of the bract, and have a perianth. 
The female flowers have no perianth ; their bracts become united 
in the fruit with the bract of the inflorescence. Bisexual flowers 
occasionail^y occur. There are tw-^o genera, Ahvus and both 

British.- 

Alnm (Alder). The structure of the inflorescence is indicated in 
the diagrams (fig. 7). In the male catkin each bract subtends a three- 
flowered dichasium, the lateral flow^ers of wiiich have only one 
(the inner) bracteole apiece. Each flow^er has a jierianth of four 
members, opposite w^hich are the four entire stamens. The female 
inflorescence differs in the absence of the central flower and of a 
perianth. The main bract and the four bracteoles unite in each 
case to form the five-iobed ‘" cone-scale,” which in the fruit becomes 
hard and wmod,y, the catkin resembling a small cone. The fruit 
is a nut wn.th or without a Aviiig. The genus contains 17 species of 
trees or shrubs and is generally distributed through the north 
: temperate zone; two species' occur in the Himalayas and further 
. India, and one {A, jorullensis) extends from Mexico along the 
, South American Andes as far as Argentina. Ahius gkitinosa, the 
British species, grows in damp situations, ascending to 1600 ft. in 
: the Highlands; it' also occurs in E,urope, reaching nearly to the 
Arctic circle, in North. Africa and in ..West and North Asia. 

■ BMa (Birch). The bracts of both male and female catkins sub- 
tend.three-flowwed dichasia ; the lateral flowers have no, bracteoles, 
.•while, those; of the median flower'- unite ' with .the bract of the 
iniiorescence: forming a three-lohe scale.- In the male. flower the 
perianth is often reduced to the two median leaves, and there, are 
only two, median, stamens, -which are divided. The female flower is 
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. like that of the Alder. .There' are -about 33 species 'of . trees or 
shrubs, distributed through the north .temperate zone, extending 
northwards beyond the ikrctic-. circle,- glandulosa oGcuvTiiig, in 
Arctic' America and B, nana in Kamschatka and Greenland. In' 
the Old W orM thesouthernlimit is reached in the Himalayan region 
and Southern China; in the New World in' the Southern United 
States. 

The genus is represented in 'Britain by two widely distributed 
siiecies, Bettiki alba and B, pubescens, which often occur together 
and frequeiitiy hybridise. They are trees generally reaching 40 to 
50 ft. in height with a silvery wMte peeling bark. B. alba has 
resinous glands but no hairs 
on the young branches, and 
acuminate leaves ; B,pitbe- 
seem has young. 'branches 
softly hairy and leaves not 
acuminate. The form of the 
cone-scales is also different 
in the two. They occur in 
Europe and North Asia, 

B. attaining the 

most northerly -latitude, 
often marking the limit of - . 
tree-growth. ' 

Betula nana, a bush with 
shortly' stalked roundish - 
leaves,- occurs locally on the 
mountains of Northiimber- 
: land and in the Highlands, 
ascending to 2700 ft. Its ' ■ 
range includes. .ArctiC' and - 
idpine North-west and 
Western : Europe, North Fig.'.-’ 

Asia and North America. 

More than 30 fossil 
species of Alnus have 
been described, chiefly 
from Tertiary but also ' 
from Cretaceous beds. ' Many - of .the determinations are, how- 
ever, extremely unsatisfactory, ' being based merely on leaves, 
Alnus Kefersteinii ivas a very widespread species in the Arctic 
regions in Miocene times, occurring in both Old and New Worlds. 
x4 still larger number of fossils ■ are recorded as Beftda, The 
genus w^as certainly present in .the Tertiary, -but doubtfully in the 
Cketaceoiis. ' 



, A. Diagram 'of -male clicliasi'iiniof 
B, Diagram of female dichasiiim. 6, bract 
subtending the central flower (wliicb is ab- 
sent in B) ; a, /3, lateral bracteoles subtending 
the }3air of lateral flowers ; a', /3' and jSj, 
bracteoles of the lateral flowers of wMcii 
and are suppressed. 
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Family II. FAGACEAE 

Flowers monoecious (except in Notkofagm), the male 
usually in catkinJike inflorescences, the female generally 
few. Male flowers solitary or cymose, often with a scale-like 
perianth ; a pistil-rudiment is often present. Female flowers 
with an inferior generally tricarpellary ovary, bearing an 
inconspicuous six -leaved perianth ; styles three ; ovary gener- 
ally three-celled with two pendulous anatropous ovules in 
each cell; ovule with two integuments. Fruit with one seed, 
invested at maturity with a characteristic cupule. The embryo 
fills the seed with its large cotyledons. 

Genera 5 ; species 350. 

Except in the Beech, wdiere they become aerial and green, 
the cotyledons are hypogeal in germination. As generally 
happens in such cases the leaves immediatety succeeding the 
cotyledons are reduced to scales and the seedling devotes its’ 
energies to pushing its stem above the superincumbent 
decaying leaves or surrounding vegetation before producing 
its first foliage-leaves. 

The plants are generally trees, often attaining a consider- 
able size. A bushy growth is not infrequent, as in Holm Oak 
{Qmrcus Ilex), while some species of the south temperate 
genus NotJiofagm have a dwarfed stem. 

' In- Quercus (Oak) and - Pasania (an important tropical 
Asiatic genus) the leaves are- arranged spirally, generally with 
a divergence of -f. In (Beech) uid . Notliofagus they are 

distichous, and the same' arrangement holds on the less 
vigorous lateral shoots of Castanea (Chestnut). Many of the; 
species are evergreen. A terminal bud is developed except 
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on lateral shoots of the Chestnut. The stipules are concerned 
only mth bud-protection. In Nothofagm the blade is generally 
flat, in Fagus folded along the lateral nerves, in Quercus and 
C'flstonea folded along the midrib with the halves convolute 
(CaManea) or superposed, convolute or revolute (Quercm). 

The cork-cambium originates in the outermost layer of the 
cortex, aird in Fagus persists throughout the life of the plant. 


O 



Fig. 8. Quermis Rdbur. A. Shoot bearing male, and female, % inflorescences. 
B. Male flower. C. Female flower. t>. Diagram of female flower. E. Longi- 
tudinal section of female flower; c, cupule. A reduced; B, C, E enlarged. 
(A, D after Eichler; B, C, E after Hempel and Wilhelm.) 


Nothofagus has dioecious flowers ; the reiiiaiiiing genera are 
monoecious; bisexual flowers occasionally occur. In BotJio- 
fagus and Fagus both male and female flowers stand solitary^ 
or in dichasia in the axils of foliage-leaves ; in other cases 
they form simple or compound catkins. In Quemus and in 
some species of Pasania and Castanea the male catkins are 
borne in the lower foliage- or' scale-leaf -axils of the shoots 

^ Celalvovsky regards the male “flower” as a condensed catkin, probably still 
with a terminal flower. 
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of the current year, the female in the upper leaf -axils of the" 
stronger shoots. In most species of Pncsa-mh and CaManea, 
e.g. the Chestnut ((7. vulgaris), the upper catkins are aiidro- 
gynoiis, bearing female flowers only at the , base and male 
above. The male flowers of Quermis are solitary and 
have no, bracteoles, in Fagus the bract also is absent; in 
Castmiea and Pasama they are arranged in 3~7-flowered 
cymes with six bracteoles. The four to seven perianth-leaves 
are united at the base; the stamens are opposite and equal 
in number to them, or more numerous. In Gastanea dsi\d. 
Pasama the pistil is represented by a liair^?^ protuberance. 

The female flowers are in three-flowered dichasia in most 
species of Nothofagus, Gastanea and many of Pasama, In 
Fagus the central flower is absent, in Quercus and in species 
of the other three genera the flowers are solitary. The 
solitary flowers and the flower-groups, except in Pasama, 
are surrounded by the cupule' a cup-like structure bearing 
numerous scales, and formed according to Eichler hj the 
union of the bracteoles. Schacht, on the other hand, regarded 
it as an axial structure independent of the bracteoles, the 
scales representing true leaves. In favour of the latter view 
is urged the case of the three-flowered groups of Pasanm 
(fig. 9, L), where each flower has a cupule resembling in struc- 
ture and mode of development that of the Oak, and outside 
this the typical number (six) of bracteoles. The narrow 
scales at the base of the flower-group in Fa,gus (fig. 9, H, I) 
represent, on this view, the bracteoles; Eichler regarded 
them as merely the lowest scales of the involucral cupule. 

■. V ■ 

Celakovsky (1) also regards the cupule as a ring-like swelling 
of the axis beneath the flower bearing acropetally developed 
scales. 

, The female flower has an inferior tricarpellary ovary and 
a generally six-leaved perianth. In Gastanea (§ EmOastanea), 
we; find sometimes four _ or five, usually six carpels. The 
number of styles corresponds with that of the carpels. ' In 
Gastanea Pasama the '.stigma., occupies The tip of the 
..styles, in the other three genera, the upper . surf ace. The. ovary 
is. three-chambered' in its lower- part,, bearing, on' each , ,a.xile, 
placenta a .pair ...of pendulous .ovules, each ;,with. two, integu- 
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nieiits. In Fagus and Gastanea this degree of development, 
is reached before pollination but in Querous and Pasmia 
only subsequently. The' pollen-tube enters the ovule through 
.the iiiicropyle. 

Poiliiiatioii is generally described as by wind-agency and this 
no doubt holds in Quercus and FaguSy where the inflorescence 
is pendulous. But in Gastanea the large male catkins are directed 
obliquely upwards, are rendered conspicuous by the yellow 
perianth and anthers and have a strong scent; the pollen-grains 
also tend to cling together. The female flowers have a stiff style 
with a somewhat sticky stigma. These factors suggest ento- 
iiiophily, and the catkins are visited by honey-bees, flies and 
beetles. The male catkins of Pasania are also described as erect 
with styles and stigmas as in Gastanea. Mr H. N. Bidley informs 
me that in Malaya the flowers of Gastanopsis (which closely 
resembles Gastanea) and Pasania a strong -scent and attract 
quantities of flies. 

The development of the macrospore presents several interesting 
departures from the general type (2). In the three genera in which 
it has been studied, Fagus, Gastanea and Quercus, certain resem- 
blances to that of Gasuarina and the Betuloideae have been 
discovered. In Fagus there is a considerable development of 
sporogenous tissue resembling Strasburger’s description of Rosa 
livida, and occasionally more than one embryo-sac is produced. 
In Gastanea and Quercus there is no suggestion of a sporogenous 
tissue, but in the former certain cells round the base of the maero- 
spore, wMch have a similar origin to sporogenous cells of Fagus, 
become tracheides. These trachoides are of interest from the fact 
that they are developed also in Gasuarina horn of similar 
origin, which undoubtedly represent sterile sporogenous cells. 
In all the three genera the embryo-sac becomes elongated below 
into a caecum. In Quercus the pollen-tube also forms short blind 
branches before entering the micropyle. 

In the development of the fruit all the ovules become 
aborted except one. The one-seeded nut has, a leathery or 
hard pericarp. The familiar differences in appearance arise 
from the various developments of the cupula and the number 
of fruits which it surrounds. In Gastanea it forms four 
spine-bearing valves enclosing the three nuts; in Fagus four 
bristly segments surround two triangular nuts ; in Querms 
the smooth or scaly cup more or less completely envelops 
a solitary fruit. . 


:R. II. 
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There are five genera, two of which, Fagns and Qtmms, are 
British. Fagus sylvaMca, the Beech, forms woods, especiaiiy on 
chalk and limestone. It grows as far north as 60° in N'orwa3r, 
and' finds its north-eastern limit in a line drawn from there to the 
Crimea. In South Europe it grows only on the mountains, finding 
its upper limit in the Alps at about 5000 ft. A closely allied species 
occurs in Western Asia, two species occur in Japan, and one in the 
Eastern United States. Fossil remains, closely allied to the Euro- 
pean and American species, occur in Cretaceous and Tertiarjnstrata, 
and indicate a former wider distribution of the genus embracing 
California, Greenland, Spitsbergen and Iceland. The closehr allied 
genus Nothofagus (with about 12 species) occurs in Antarctic 
South America, New Zealand and South Australia. Quercus Eobur 
(Oak) ascends to 1350 ft. in the Highlands and spreads throughout 
Europe almost to the Arctic circle, and ascends to 3300 ft. on the 
Alps; it is native also in Asia Minor and on the Atlas Mts. of 
North Mrica, The genus comprises more than half the family, 
containing more than 200 species, cliiefly in the north temperate 
zone and the mountains of tropical Asia. It is absent from Central 
and South Africa, South America and Australasia. Many species 
are evergreen, such as Holm Oak {Q. Ilex) characteristic of the 
Mediterranean region and often |)lanted in Britain, and the Cork 
Oak (Q. suber) a western Mediterranean tree, the bark of W'hich 
yields the cork of commerce. The cupuies of Q. vallo'ma and 
Q, macrolepis are used commercially for their copious tannin 
contents . A number of species have been described from Cretaceous 
and Tertiary formations. Castanea vidgaris (Chestnut), a native of 
the Mediterranean region, is widely cultivated. The genus con- 
tains, besides, two species in Eastern North i\.oierica and one in 
China and Japan. Allied genera are Gastanopsis, wdth about 
25 species in tropical Asia, and Pasania, with about 100 species 
in Malaya and the warmer parts of the Pacific area. 
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Fig. 9. A-F. Castmiea vulgaris. A. Male flower, x 3. B. Diagram of cyme of 
male flowers. C. Cyme of female flowers, x 3. D. Diagram of saaie. E. Single 
female flower in longitudinal section, enlarged. E. Emit, x | . G-K. Fagus 
sylvatka. G. Male flower, x 3. H. Cyme of female flowers, x 1|-. I. Diagram 
of same. J. Same in longitudinal section, enlarged. K. Fruit. L. Cyme of 
female flowers of Pasania femstrata in longitudinal section, b, bract; 
a, j3, bracteoles; c, cupnle; j}, perianth. (After Baillon, EicMer and PrantL) 
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Order 6. GA8VARINALE8 
; Family. CASUARINACEAE / 

Flowers monoecious,, extremely simple, in. catkin-like 
spikes each' in the axil of a bract and protected by a pair of 
lateral bracteoles. , Male verticillate, consisting of a single, 
stamen with a rudimentary perianth. Female consisting of 
a bicarpellary ovary bearing two long stigmas; ovary uni- 
locular by suppression of the posterior cell, with generally 
two parietal ascending orthotropous ovules, only one of which 
develops to maturity. Wind-pollination ; fertilisation ohalazo- 
gamic. Fruit a one-seeded winged nut protected by the 
hardened bracteoles. Embryo large, filling the seed. 

Shrubs or trees with xerophytic habit, mainly Australian. 
One family Casuarinaceae containing one genus Gasnarina^ 
with about 40 species. 

The habit recalls that of Ephedra in the switch-like branches 
bearing alternating whorls of scale-like leaves which unite at 
the base to form a sheath. Germination is epigeal; the bx^oad 
green sessile cotyledons are succeeded by a pair of much 
reduced leaves, followed by a number of decussating whorls 
of four leaves resembling those characteristic of the adult 
plant. The number of leaves in a whorl varies with the 
species from ^4 to 12. The internodes are furrowed; the ridges 
contain green palisade parenchyma; the stomata are sunk 
in the furrows and, protected by long protruding hairs. The 
branches are whorled. 

The anatomical structure of the stem is peculiar (fig. 10, K). 
A transverse section of a young branch shews two rings of 
bundles which alternate. The wood contains vessels, tra- 
cheides, parenchyma and fibres. 

: „ The' male flower-spikes are catkin-like and erec*^g^erally 
at ' the ends of brancMets. The flowers are in whorls, each in 
the axil of a bract which with the other bracts at the node 
form a sheath protecting the young flowers (fig. 10, B); there 
are a pair of bracteoles and two small median perianth -leaves 
of which rarely only the posterior is present. The single central 
stamen, which shews a tendency to split, has a filament at 
first short and a two -lobed anther which opens length wi’se. 
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Tlie wood is very hard, and that of C.eqndsetdfoUa (She-oak), 
which is widety cultivated in the warmer parts of the world, 
is known as ironwvood. 


The foregoing orders have, if we except the catkin-formation 
(ail adaptation to wind-pollination which occurs in other alliances) 
little in common, and, as has been pointed out, differ fiiiida- 
mentaliy in the important characters of ovary and ovule. Casua-. 
rina stands apart in its geographical distribution — it is a 
dominant Australian type — and in the morphology of its vegeta- 
tive organs. It shews, however, a striking resemblance in the 
structure and development of ovary and pistil and the events 
associated -with polliiiatioii to the Betulaceae (especially Garpinus) 
and it is possible to regard the male flower as an extreme case of 
reduction from the type of that family. The form of stem and 
leaf is obviously a highly adaptive one, but it is difficult to trace 
iinderfying this adaptation any suggestion of an affinity with the 
Fagaies. Gcmiarma plays an important part in the system which 
derives the Angiosperms from the Gymnosxcernis. Wettsteiii^ has 
used it as an illustration to support his theory of the development 
of the angiospermoiis flower from the inflorescence of an Ephedra- 
like ancestor. This, of course, implies that the genus is a primitive, 
not an extremely reduced, form. 

The plants included in these orders are all woody plants with 
generally small simple leaves (large and compound in Jiiglan- 
daceae), arranged alternately (except in Gasuarina), and unisexiial 
flowers arranged generally in catkin-like inflorescences. The 
flowers stand in the axil of a bract, with a pair of bracteoles (absent 
in Salicaceae) and frequently with an inconspicuous perianth wffiicli 
in the female Hoovers is superior. In some families a rudiment of 
a pistil is present in the male flower, and bisexual flowers occasion- 
ally occur. This supports the suggestion that they are derived 
from ancestors with bisexual flowers. 

The male flower contains few to many stamens ; in Salicaceae 
the number varies widely, and in Juglandales their number and 
arrangement are also indefinite and bear no relation to the 
perianth-scales wiiich are, moreover, often absent. In Fagales 
the stamens are generally few and equal in number to and opposite 
■the perianth-scales. In Gasuarina one stamen only is present. 

The female flowrer shews wide differences in the important 
characters of the structure- of the ovary , and ovule, but the presence 
of twm uiiited carpels, as indicated by a pair of stigmas, is general , 

Ha7i(lbuch der Systeinatischen Botandk, II, 201. 
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except ill Fagaceae, .where there are three.. The number, aiTaiige- 
ment and attachment of the omiies are different in the several 
nrders. 

' The . number of ovule-integuments varies even in the same 
family (Saiicaeeae). Wind-pollination is very general Bepartiires 
from* the normal structure and course of events in the interior 
of the ovule preceding and' during pollination are frequent, 
and chalazogamy occurs in Juglandaceae, Betulaceae and Gasua- 
fina. The embryo is straight and, except in Saiicaeeae where it 
is small and incapable of passing through a resting stage, is large 
with fleshy cotyledons, which shew a. remarkable development iii 
the Juglandaceae. 

The members of these orders are, except Gasuarina, maiiilj 
mesophytic trees and shrubs which play a dominant part in the 
forest- vegetation of the northern hemisphere ; and there is evidence 
that this was the case also in Cretaceous and Tertiary times, 
daring which there was an extension into the Arctic zone; in the 
case of Juglandales the northern development is much more 
restricted at the present day. They pass, as moimtaiii plants, 
witliin the tropics, where the^^ are sometimes numerous, as Querms 
and Pasania in tropical Asia, and occasionally reach the south 
temperate zone, as Mprica in South Africa, Alnm, which extends 
along the Andes of South America to Argentina, and notahljMotho- 
fagus which represents Cupuliferae in Antarctic South America, 
South Australia and New Zealand. The3a'©present groups that ha ve 
occupied large areas of the earth’s surface for a very considerable 
time with not specially favourable means of distribution (compare 
with its heavy fruits and wide distribution right across the 
northern hemisphere). 

The view most in accordance with our present Imowledge is to 
regard them as the surviving repAsentatives of more or less 
diverging lines of development from some early angiosperinoiis 
type or t3^pes now extinct. The frequent presence of a. pistil- 
rudiment in the male flower suggests a defiX'Trt^^^^Itype with 
bisexual flowers j^bj^^ith^a si^le inconspieiious bracteole- 
iike periantETTolliiiation took place presumably by mnd-agenc}" : 
the catkin-development represents a liighl}^ developed adaptation 
for ^emophily and is associated with the separatibTihr’'BEF^^^^^ 
in 

dispersal b3^w1nd to associate .the staminate flowers in lightly 
pendulous, catkins. Saiicaeeae are of great interest as iliustratii^' 
a., development of entomophily, in the. eatkm-.t3q)e of mli^asceiic^: 
a.. development whicEpmbaEIypF^^ at any rate 

we: can Trace', no derivatives.- of .this family among the existing 
fainiiies.of Di.cot3fledo'ns.' ' I' ' 
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The complete absence of the herbaceous habit, the freq[iieiicy 
of the chaiazogamic method of fertilisation (which occurs also 
elsewhere, as in Alchemilla in Rosaceae), the marked interval 
between pollination' and fertilisation, the wide distribiitioni on the 
earth of the families from the earliest |)eriod at wliich we have 
any precise knowledge of angiospermic vegetation, and further the 
striking differences between the various orders, suggest that we 
are concerned vdth isolated remnants of relatively ancient groups 
wliich have no descendants among the more highly developed 
orders of our present-day flora. 

Fagales 



Suggested lines of development from a group (or groups) with a simple bisexual, 
hypogynous flower, anemophilous; the perianth perha|)S not a general 
character, if present merely protective and brae t-like ; the protective function 
still shared vdth bracts. 


Order 7. URTICIFLOBAE 

Flowers generally unisexual, small and regular, with a 
greenish inferior perianth of generally four to five more or 
less united leaves ; rarely naked. Stamens equal in number 
and opposite to the perianth-leaves. There are one or two 
carpels, but, the ovary is almost always' unilocular and con- 
tains a solitary ovule. Flowers wbnd-polliiiated; sometimes 
eiitomophiloiis. Fruit a nut or drupe,, containing one seed; 
the embryo occupies the whole seed,, or a fleshy or oily endo- 
.speriii is present. ■ ' 
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Herbs, shrubs or trees, with generally simple alternate 
stipulate leaves and cyniose inflorescence . A large and 
widely distributed order containing four families which 
are sometimes, , as in the Genera Plant-arimi of Beiitham. 
and Hooker, regarded as forming a single family divided 
into well-marked tribes. Other systeniatists prefer to -com- 
bine these tribes under several families, an arrangement 
which seems more helpful and will be adopted here. Dis- 
tinctive characters are found in the habit, presence or absence 
of latex, the inflorescence, the erect or bent position of the 
stamens in the bud, the position of the ovule, the nature of 
the fruit, and the seed. C^^stoliths occur in the epidermis 
of many of the genera. 

This order differs from the preceding in the remarkable diversity 
of habit, which includes herbs of various kinds (cJimbiiig in 
Humidus) as well as shrubs and trees. The inflorescence also shews 
considerable variety and in Moraceae ineiudes remarkably special- 
ised forms. The simple form of the flower recalls those of the 
preceding orders. The order may be regarded as derived from a 
simple angiospermoiis type. 

Family I. ULMACEAE. Trees or shrubs without latex. Leaves 
simple, distichous, often oblique ; stipules deciduous. Flowers often 
bisexual; perianth of four to seven leaves, stamens isonierous, 
erect in bud; styles two; ovary usually unilocular; ovule 
solitary, pendulous, anatropous. Fruit a nut or drupe. Embryo 
straight or curved. Endosperm generally absent. 

Family II. URTICAOEAE. Herbs, or sometimes woody with 
simple stipulate leaves and often wdth stinging hairs ; latex absent. 
Flowers unisexual, generally dimerous; stamens isonierous ; 
filaiiients infiexed in the bud ; style one ; ovary unilocular ; ovule 
ortho tropous, erect. Fruit a nut or drupe. Embryo straight, 
surrounded by oily endosperm. 

Family III. MORACEAE. . Trees or shrubs with latex, rarely 
:■ herbs. Leaves scattered, stipulate, of ten lobecl. Flowers xiiii- 
^ sexual ; perianth-leaves two to six; stamens, isonierous ; styles, 
two; ovary generally unilocular, sometimes bilocular; ovule 
' pendulous, ' more or less curved. Fruit a drupe,, often enelGsed 
in. the succulent peiianth. Embryo generally curved .a, iid sur- 
rounded by fleshy .endosperm. 
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Family IV. CANNABINAGEAE. . Aromatic herbs with, paliiii- 
nerved, more or less divided leaves and free persistent stipules; 
latex absent. Flowers dioecious.; male with five perianth-leaves, 
and five stamens erect in bud; female with a small entire cup- 
like perianth ; ovary unilocular xvdth two stigmas and a poiidn- ' 
Ions curved ovule. Fruit a nut. Embryo curved or rolled. .Endo- 
sperm scanty. , 

Family!. ULMACEAE 

The plants are either trees, which may be very large, as in the 
Elm, reaching a height of 125 feet with a girth of 20 feet, or 
bushes, as in species of Oeltis or Trerna. The leaves are simple, 
often, oblique, and arranged alternately in tw-o rows on the 
branches. The stipules, which are either lateral or* intra- 
petiolar, serve only for bud-protection and disappear with 
the unfolding of the leaves. Cystoliths occur in Celtis and 
allied genera but are absent in TJlmus. 



Fig. 11 , A-G-, Ulmus cmnpestris. A. Flower-bearing t’VA-ig. B. Flower. C. Same 
in longitudinal section, D. Fruit. E. Embryo. F. Diagram of inflorescence. 
G. Diagram of flower. H. Diagram of flower of Celtis mistralis. B-E en- 
larged. (A-D after Wossidlo; F, G> H after Eieliler.) 
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The inflorescence of TJlmus forms scaly knobs borne in 
the a^ils of last year’s leaves. On the outside are a number 
of empty bud-scales ; flowers are borne in the axils of the 
inner scales. The arrangement of the scales is distichous 
throughout, as in foliage-buds, or passes gradually into a 
I or I arrangement above (fig. 11, F). In TJlmw,s campestris 
Eichler usually finds a single flower with a pair of bracteoles 



Fig. 12. Geltis. A, Celtis trinervia. Shoot with fruit. B. Female flower of 
C. iguanaea, C. Male inflorescence of same. B, E. Male flower of same. 
F. Fruit of 0. mistralis cut longitudinally; ea:, exocarp; eii, endocarp; 
e, embryo. (From Flor. Jam.) 

above' each ' fertile bract-scale;: in other species flowers or 
flo wer-bearing axes are developed in the axils of the bracteoles 
forming,, small dichasia. . In Geltis the flowers are solitary or, 
especially in the' male, in inflorescences / (generally cymose), 
in the' leaf -axils: of shoots of the current year. 

: In the':Elms {UJmus)lhG flowers 'are bisexual ; in the other 
genera ■ mostly unisexual ■ through; more ' or less 'abortion .of 
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stanaen-S or carpels. The perianth, consists generally of four 
to seven sepaloicl leaves which are free or more or less united. 
The stamens are equal in number and opposite to the periaiitli- 
leaveSj or soiiietimes fewer; the filaments are erect and the 
anthers open by a lateral longitudinal slit. The pistil, which 
is often rudimentaiy in the male flowers, consists in the 
bisexual and female of two median carpels (sometimes 
transverse or oblique) ; occasionally in Ulmus the ovary is ■ 
bilocular, usually, however, the posterior chamber is absent. 
A single anatropous or amphitropous ovule hangs from the 
apex of the chamber. The abortion of the hinder carpel 
does not extend to the style; there are two linear styles which 
bear stigmatic papillae on the upper .surface. . 

The flowers contain no ■ nectar and are wind-pollinated. 
Where both sexes are represented in an inflorescence the 
central flowers are generally .demale, and the later developing 
lateral-flowers male or bisexual. . 

The fruit and seed afford characters for separating the 
family into two tribes, namely: ■ 

1. Ulmeae, including Ulmus and three smali genera (two 
of which are moiiotypic^), with a broadly winged fruit, a fiat 
seed, a straight embryo with generally flat cotyledons, and. 
no endosperm. 

2. Oeltideae (nine genera), where the fruit is a more or less 
rounded drupe, and the embryo curved with folded or rolled 
cotyledons; endosperm is sometimes present. 

These^ differences in the fruit involving differentr means of 
dispersal are of interest in connection with the geographical 
distribution of the two tribes.. While Ulmus and its allies 
with the winged fruit . occur on the mainland and neigh- 
bouring islands, the Geltideae which,, with , a frequently 
sweet pulp and hard endocarp, are adapted for dispersal by 
birds, have many representatives on. oceanic; islands. This 
illustrates the intermittent action of the wind as an agent 
in distribution: except in very violent storms it carries fruits 
and seeds for short distances only at one time, continually 
dropping and picking them up again, and is therefore not 
adapted for transport over wide, stretches of water. 

^ A monotypic genus contains one species only. 
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The family is represented in Great Britain by one geiiiiSj Ulmtis, 
the species of which have been very much confused. A clear 
account of them has recently been given by Moss^ who indicates 
distinctive features in habit and leaf -characters. They are as follows. 
17. campestris (restricted), the English Elm, the tallest and most 
stately species, and the commonest in the hedgerows and parldaiids 
of the western and south-western counties of England; it is a 
doubtful native. U. sativa, Small-leaved Elm, and U. nitens. 
Smooth-leaved : Elm, native mainly in the Eastern' Counties; 
U. saliva and the Corihsh Elm are the last of the British Elms to 
come into flower. U. glabra, Wych Elm, a large tree with more or 
less arched branches, and large rough, almost sessile, acuminate 
leaves, native throughout the British Isles. U. holkmdica, Dutch 
Elm, with a short bole and wide-spreading, iisiiail}^ very long, 
lower branches, a hybrid, probably between U. glabra and U. nitens, 
native in West Cambridgeshire and probably elsewhere. U. stricta, 
Cornish Elm, pyi.'amidal in outline with fastigiate branches and 
narrow leaves, abundant in Western Cornwall and rare elsewhere 
ill Southern England, and a variety U. strida var. sarmensis, 
Jersey Elm, limited to the. south of England and probably not 
native ; with the Cornish Elm it is commonly planted in avenues 
in the Channel Islands and some of our soutli-eoast towns. 

The family contains 13 genera with, about 130 species which 
are distributed throughout the tropical and extra-tropical pa.rts 
of the world wherever conditions favour the growth of woody 
plants. The northern limit in America is reached at 54° 30' on 
the Saskatchewan, the most northerly station knoivii for the 
American Elm {UlmMS o/mericana) ; in Asia it reaches 58°, while 
hi Western Europe Ulmus glabra occurs as far north as 66° 59'. 
In Miocene times, as indicated by fossil remains, Ulmiis extended 
into Greenland and also westward to California where it is no 
longer found. Celtis, which has its northern limit at the present 
day in South Switzerland, extended at that period into Central 
Germany, fossil fruits having been found as far north as Frankfort- 
on- the-Main. 

The largest genus, Celtis, contains about 60 species in the tem- 
perate and tropical zones, especially of the northern hemisphere. 
0. australis (Nettle-tree), a handsome tree of from 30 to 50 ft. in 
height, is a native of the Mediterranean region, and is also frequently 
..planted in the south of France and Italy. G: crassifolia (Hackberry) 
is a fine forest tree abounding in the western United States. 

, Trefm hm 30, species in the tropics of both Old and New Worlds ; 
Ulmus, 16 species, in. the .' temperate regions, of the . northern, 
hemisphere and in .the mountains, of tropical Asia.: The remaining 
genera are monotypic or contain only a few species. 

C/iromcZe, la 
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Family IL URTICACEAE 

The plants are generally herbaceous, as our nettles, or 
siib-shrubby, rarely forming a bush or tree,- as in some 
tropical genera. The leaves are simple, with sometimes an 
alternate, sometimes an opposite arrangement; in the same 
plant they may be alternate on the stem and opposite in the 
inflorescence. With a few exceptions, for instance, our native 
Pellitory {Parietaria), stipules are present and their various 
positions afford marks for distinguishing genera. Thus they 
are attached on the base of the leaf-stalk, or stand separate 
at its side, or in the leaf -axil (intrapetiolar). In the last case 
the two stipules may be more or less completely united. 



Fig. 13. Cystoliths in Urtieaceae. A. Ejiidermis of Boehmeria, cut vertically, 
shewing one cell with a cystolith, higlily magnified. B, C, D. Surface-views 
of pieces of leaf of species of Laportea, PelUonia and Piha resjaectively, 
shemng various forms of cystoliths, magnified. {A after Be Bary; B, C 
after Weddell.) 

The milky latex so common in the next family is absent. 
The fibres of the bast are generally of considerable length, 
free laterally and firmly attached end to end and hence of 
great value for textile use. In Ramie grass {Boehmeria mma) 
the- individual fibre reaches nearly nine inches long, in the 
Stinging Nettle {Urtica dioica)^ three inches. Stinging hairs 
are often present on the stem and leaves. Cystoliths are 
commonly present in much enlarged epidermal cells, and 
vary in form and* frequency in different species or groups of 
species (fig. 13). They are more or less evident in the dried 
leaf as punctiform or elongated markings. 
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Pia. 14 A* Ground-plan of inflorescence of Uriica dioica; a, main stem bearing 
a pair of leaves, I, in the axils of which arise two foliage-shoots, the first 
pair of (unequal) leaves of which are I'epresented by/, /i? an inflorescence, ?*, 
is borne in the axils of the suppressed pair of fore-leaves of each shoot, 
indicated by a dotted line, and apparently springs from the stipule, a, of 
the main leaf. B. Plan of inflorescence of The inflorescences 

spring in pairs from the base of the short foliage-shoot /; the fore-leaf is 
here carried lip on the axis of the inflorescence at The imirs of bracteoles 
a, j8', etc. are similarly carried u j on the axes which they subtend. The 
branch development of the left-hand side only is carried out in the figure. 

,, ',C. Diagram of male, D.. Diagram' of .female flower 'of Urtica. K Male flower 
of Pan’etom, one stamen has rolled back and dehisced. P. Female flower of 
same G. Fruit of Urtica in section ; en^ endosperm. E, F, G much enlarged. 
(A. B, :,C.',D, after EicMer.)^-^ " 
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The inflorescences are cymose. In the more complete 
cases two lateral inflorescences are borne at the base of a 
much shortened shoot which stands in the axil of a foliage-leaf. 
The arrangement may be further complicated by the absence 
of the bract (fore-leaf) subtending each inflorescence^ as in 
the Nettle (fig. 14, A), or by their being pushed up on to the 
axis of the inflorescence below the first bifurcation as in 
Parictofm (fig. 14, B). . ■ 



Fig. 15. Boelimeria cylmdrka. A. Portion of shoot mth inflorescence. B. En- 
larged portion of inflorescence shewing male, m, and female, /, flowers. 
C,D. Fruit, front and side views, x 12. E. Fruit with seed in cross-section, x 12. 

The short leafy shoot which bears the inflorescences is 
frequently suppressed so that a pair of inflorescences, or 
sonietiiiies only one, are apparently borne in the axil of the 
foliage-leaf. In some cases the- inflorescence is reduced to a 
single flower. The cymes . are. often, much shortened, the 
flowers becoming crowded into head-like clusters, a number 
of which may be borne on an elongated axis as in Boehneria 
(fig. 15), the whole appearing -.like a catkin. 

The flowers are unisexual, and monoecious or dioecious. 
The occasional presence of bisexual flowers (as in Panetaria), 


R. II. 
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the frequency of a pistihnidimeiit in male and several cases 
of stamiiiodes in female flowers point to tlieir derivation from 
a bisexual flower. 

The green perianth-leaves are free, or, especially in the 
female flower, more or less united. They are very often 
arranged in two alternating whorls each of two members, 
followed. in the male by two dimerous whorls of stamens: 
3- and 5-meroiis arrangements also occur. The pistil consists 
of one carpel containing a single erect ovule and bearing 
one style which ends . in a brush-like stigma or ' bears 
along its length long collecting hairs. The flowers are wind- 
pollinated. The filaments are bent over imvards in the bud 
but when mature spring elastically backwards and outwards 
(fig. 14, E), thus scattering the pollen in a tiny cloud. The 
long stigmatic hairs are well adapted for reception of the 
pollen. The fruit is a small nut or drupe, often rendered more 
oonspicuous by the persistent perianth which encloses it: 
or the fruits of a whole inflorescence may remain closely 
coherent. The seed contains an oily endosperm surrounding 
a straight embryo. 


The family is essentially a tropical one, though several species, 
such as our common Nettie, are widely distributed and occur in 
large numbers in temperate climates. There are about 500 species 
(contained in 41 genera) of which about 33 per cent, occur in the 
New World, a similar proportion in x4.sia with the Indian Archi- 
pelago, about 14 per cent, in Africa, as many in oceanic islancls, 
and only 3 to 4 per cent, in Europe. In the New World and in 
Asia Urticaceae form a much larger percentage of the vegetation 
of the islands than of the mainland, the proportion being 
5 to 6 per cent, in the former but not more than 2 per cent, in 
the latter. 

Farletaria debilis has a remarkably wide distribution, being 
foiinci from Siberia to New Zealand and from North America to 



Argentina. Vrtica Jhy2:)erborea ascends to 15,000 ft. on the Hima- 
layas and U. andicola to a similar height on the Andes. 

Two; genera, are .'Tepresented in the British Isles. Urtica, wiiicli 
has' about. 30 species distributed through the temperate regions of 
both hemispheres, is represented by- U, dioica (Stinging Nettle), 
U. tirens and U. pilulifera (Roman Nettle). The two former are 


. general, the last is a rare plant and occurs only in the east of 
England, cliiefiy near the sea. Parietaria has seven species, ehiefl:y 
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temperate, rarer in the tropics ^ The British species, '.P. officinalis 
(Pellitoiy of the Wall), occurs on old walls, heclgebanks, etc.; it 
is found ill Central Europe and throughout the whole Mediter- 
ranean region. . ' 

Family III. MORACEAE 

The plants of this family are nearly all trees or shrubs 
(ill Dorstenia herbs); it is distinguished from the last two 
families by the presence of latex, which is contained in long 
sacs, especially in the secondary cortex or .the phloein. 

As ill Urticaceae, there is some variation in the form and 
position of the stipules. Iii' the Mulberry and its allies they 
.are small and lateral while in the Figs and allied genera they 
are intrapetiolar, each pair, as' may well be seeiimtheconiinon 
Iiidiarubber Plant [Ficus elastica), . uniting to form a cap 
round the younger leaves. As the leaves unfold the stipules 
fall off, leaving a circular scar. 

They are monoecious or dioecious, the unisexual flowers 
being borne in inflorescences built on the same plan as those 
of Urticaceae. In Ficus (the Figs) the cymes have coalesced 
to form a fleshy hollow axis bearing the flowers on the 
interior surface. The three scales which may often be ob- 
served at the base of the fruit are the bract, in the axil of 
which the main shoot is borne, and the bracteoles of its two 
lateral branches, the cymose inflorescences. In Dorstenia the 
coalesced axis is more or less flattened. There are generally 
four„perianth“leaves, free or more or less united, and arranged 
ill two dimerous whorls, as in the Nettle. In the male flower 
the stamens are generally equal in number and opposite to 
the perianth-leaves. The filaments are incurved in ’the bud 
in the Mulberry and its allies, or straight, as in Ficus. ' The 

number of stamens is sometimes reduced, to two or one, as 

ill Ficus (fig. 16), Dorstenia (fig. 17), Artocarptis (Bread-fruit). 

In the female flower there are two mediaiily placed carpels, 
the hinder one of which shews various degrees of abortion. 
In Artocarpus it is sometimes developed, in Morw-s itis excep- 
tionally represented by an empty ovary-chaniber ; in the same 
genus (fig. 18) and many others its presence is indicated only 
by a style similai" to that of the anterior carpel Occasionally 
the second style is represented only by a smallprotiiberance, 
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or it may be absent, and there is no longer any indication of 
the hinder carpel (Chlo 7 vpJioTa), As in Ulmaceae, each cliaiiiber 
of the ovary contains a solitary pendulous, more or less^ 
curved, ovule. The fruit is generally a drupe; the perianth 
becomes fleshy and surrounds it. The coherence of the fruits 
of, an inflorescence occurs in a much higher degree than in 
Urticaceae. In Moms (Mulberry) we can still distinguish the^ 
individual fruits with their enclosing perianth, but in Arto- 
carpus (Bread-fruit (fig. 19) and Jack-fruit), fruits, periaiitli- 



Pia. 16. Fic^ns au rea. A. Branch, with young figs. B, Apex of shoot with t\^'Ci’ 
figs ; s, stipule ; Z, leaf -scar. C. Vertical section of fig ; S, basal bracts ; inoiit h. 
I). Section of smaE portion of fig shewing flowers. E. Male flower. P. Female 
flower. (From Flor, Jam.) 

leaves and axis become fleshy and united into one solid mass. 
The embryo is generally curved and surrounded by a fleshy 
endosperm. 

The, family is widely, distributed throughout the warmer 
parts of , the earthy containing about 1000 species very un- 
equally divided .among less than 60 genera. The genus 
contains 700 species, ,and is generally spread through tropieal 
and ; sub-tropical regions;', many species , ,are epiphytic, 
Bonietimes forming so tight a network of .roots round the stem 
of the host-plant, as ultimately to strangle it. 
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The Kg of the Mediterranean region is Fims Garim, In this 
■and other edible species pollination is effected by a gall-va^sp 
which lays its eggs in the ovaries of the female flowers and by its 
visits transfers pollen. In several species an interesting adapta- 
tion has arisen. There are two kinds of female flowers^ loiig- 
•styied and short-styled. The latter are termed gail-fiowers, as 
in these the insect lays its egg; they are consequently barren and 



from ovary, x 2. G. Endocarp in section, shewing seed with embryo. 

the style no longer bears stigmatic hairs. The long-styled bear 
well-developed stigmatic hairs ; the insect cannot reach the ovaries, 
and these flowers are the ' seed-producers or seed-flowers.” 
FimS' elastica (Indianibber plant), knomi in this country as a 
window-plant, becomes in the damp forests of India and Malaya 
a very large tree, covering the ground around its base with its 
much branched vertically flattened tortuous roots. F.. bengalensis 
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(Banyan), like F. elastica, generally starts as an epiisliyte, but 
soon "destroys its host-tree and tritli its numerous descending 
aerial-roots covers a large area. A specimen in the Calcutta botanic 
garden has a main stem 45 ft. in girth and a crown of foliage 
900 ft. in circumference. 

Morus (Mulberry) contains 10 species of trees or bushes in the 
temperate parts of the northern hemisphere and in the mountains 
of the tropics. M. alba, a native of China, has been cultivated from 




Eici. 18. A-O. Moms 7iigra, A. Male flower. B. Same in vertical section. C. Fe- 
male flower in median vertical section. B. Twig of JI. witli male catkins. 
E. Female inflorescence. F. Frnit. A, B, C, E enlarged ; B, F slightly 
reduced. 

the eariiest times in Asia and since the twelfth century in Europe, 
especially in the Mediterranean region. 

The Black Mulberry nigra) has been cultivated in Asia 

and some parts of Europe from a remote period, chiefly for its 
leaves as,pro\dding food for silkworms. A better silk is obtained 
when the White Mulberry ' (if . alba) is the food-piaiit, J/. nigra 
is said to, have been introduced into England in 1548, the first 
trees. being planted in the.gardens of Syon House.: It ripensits- 
friiit well in the -soiith of England. 
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Broiissonelia lias two or three. species in Eastern Asia. The harh 
is used for paper-niaking in Japan. Dorstenia has about 150 species, 
one of which is East Indian, the rest chiefly trox^ical African and 
tropical Aiiiericaii. Artocafpiis has 40 species, native from Ceylon 
tliroiigii the Indian Archipelago to China. A, incisa (Bread-fruit), 
a native of the Siinda Islands, and A. integrifolia (Jack-tree), a 
native of India, are now generally cultivated in the tropics, 
especiall3riii the islands of the Pacific. Antiaris, a tropical AvSiatic 
genus of five to six species,, includes the Upas tree (A . toxicaria), 
the latex of w.liichis very poisonous. On the co.ntrary, in Brosirmim 
galactodendro^i, the Cow- tree of Venezuela, the latex is sweet and 



Eig. 19. Artocarpus incisa (Bread-fruit), vdtli male inflorescence, m, 
and fruit; mncli reduced. 

iiiitritioiis. Cecro'pia is a tropical American genus with 30-40 species, 
which are rich in caoutchouc. Some species shew remarkable 
.adaptations for housing and feeding ants, in the form of hollowed 
iiiternodes and develo|)ment of food-bodies on the ieaf-s talks. 
The majority of the genera are monotypic :or contain a few 
species. Numerous fossil species of Ficus have been described, 
c^iiiefl}^ from leaves ; manj^ of these determinations are extremely 
doubtful, but it seems probable that ■ the genus existed as far 
north as Greenland iii' the Cretaceous period, and was generally 
distributed in North America and Europe in the Tertiary period 
up to Miocene times. 
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Family IV, CANNABINACEilE 

A very small family containing only two genera^ Htimuhis, 
with two >speGies, one of which, H. Lttpidus, is the Hop, and 
CamiaMs sativa (Hemp). 

They are aromatic herbs with no latex. The leaves are 
palmate or palmiiierved, with persistent stipules. The flowers 
are normally dioecions, and borne in cymose inflorescences, 
which are loose and many-flowered in the male, feiv -flowered 



Fig. 20. Humuliis Lupulm. A. Plan of male inflorescence;/, subtending leaf 
represented only bj? its pair of stipules, s, 6\ B. Bract (b) from fcmiaie 
inflorescence, represented by its pair of stipules, subtending four flowers. 
C. Plan similar to B but subtending six flowers. In B the a\ and in C the 
a' and bracteoles are suppressed, (After Eieliler. ) 


and closely packed in the female. In Hmiulus it is not un- 
usual to find both sexes in the same plant, and Tournois^ has 
shewn that the monoecious condition can be induced experi- 
mentally. The male flower has a five-leaved perianth, and 
five opposite stamens, with erect filaments. In the female a 
small cup-like perianth, with no indication of division into 
parts, surrounds the base of the central ovary, which is 

^ Toiirnois, J. .to. Sci. (So<.), S&. 9, XIX, 49 (1914). 
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capped by a pair of styles or stigmas and contains a single 
pendiiioiis iipciirved ovule. The dry fruit contains a single 
seed with a coiled {Humulus) or curved {Ga7mabis) embryo 
and a small aiiiouiit of fleshy endosperm. 

The two, species of Humulus are perennial -twining plants, 
the twining following the course of the sun. The male in- 
florescence springs from the axil of a leaf which is repre- 
sented only by its pair of stipules (fig. 20, A). The main axis 
is indefinite, bearing a number of lateral cymes which start 
as dichasia but become unilateral and seorpioid above. The 

o 



female flower of Gannahis; h, bract ; p, perianth; o, ovary. C. Female flower 
of Gannahis. B. Same in vertical section. E. Male flower of GamiaUs, 
F. Fruit of Humulus in vertical section enveloped in the gland- hearing 
perianth, p, and shewing the coiled embryo within the seed. C, D, E, E 
enlarged. (A, B after Eiehier; C-F after Warming.) 

female flowers form cone-like inflorescences consisting of a 
short axis bearing a number of bracts which are opposite 
belo'w, alternate above. Each bract is represented only by 
a pair of stipules and subtends two, four or six flowers. with 
a c^3^mose arrangement. A central flower is absent (fig,, 20, 0) 
but its bracteoles a and ^ each, subtend a flower. When more 
than two flow’-ers are prese,nt a unilateral cyme is produced 
instead of a single floww (fig, 20., B, ’C). The bracteoles, like 
the stipules of the main bract,.' become large and, membranous 
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and in H. Ltiptdus (Eop) hesbv nnmeroiis yellow glandular 
hairs which secrete the lupulin to w’^hicli the plant owes its 
economic value. Hop, which is perhaps wiki in England, is 
spread over the temperate parts of the northern lieiiiispiiere. 
The second species, H. japonicus, is a native of China and 
Japan; it contains no liipiilin-glands. Hemp is an annual plant, 
probably a native of Central Asia, but now generally culti- 
vated in warm countries. The male inflorescence is somewhat 
similar to that of Humiihis, but the main axis is suppressed 
while its two lateral branches produce each a inaii}^ -flowered 
cyme. In the female a flower is borne on each side of the base 
of a leafy shoot. Hemp is useful for textile purposes on 
account of its long and strong bast-fibres. The seed contains 
an oil and a cultivated variety of the East contains in its 
leaves a narcotic resin for which it is used in the preparation 
of an intoxicating drink, haschisch. 


The two following orders, Proteales and Santalales, are charac- 
terised hy typically bisexual flowers, generally adapted for iiisect- 
pollinatioii. In this connection the generall^T- simple perianth is 
often petaloid and there is a tendency to zj^gomorpli^y ; the staniens 
are also freqiieiith^ united with the perianth-leaves. The Proteales 
shew the simpler ty^e of flower, with free hypog^moiis petals ; in 
the Santalales the petals are frecpiently united below into a cup 
and the flower is epigynous. 

Both orders shew marked specialisation to a particular set of 
conditions. Proteales are a characteristic xerophytie group of the 
southern hemisphere, while Santalales are more or less adapted 
to a parasitic mode of life. 

While undoubtedly allied to each other, it is difficult to associate 
these orders with other groups. The flowers, considered from a 
biological standpoint, hold an advanced position from the point 
of view of ; adaptation to entomophily; hnt the general plan of 
arraiigeiiieiit of the flower suggests its derivation from a type in 
which the dillerentiation. of two distinct series in the perianth 
had not. yet occurred. ' ■ . 
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Order 8. . PROTEALS 8 
Family. PROTEACEAE 

Flowers bisexual or unisexual through abortion, cyclic, 
tetraiiieroiis, regular or sometimes zygomorpliic ; insec t- 
pollinated. Perianth in one series, petaloicl, Iiypogynoits. 
Stamens opposite the segments and usually united with them, 
the anthers only being free. Carpel solitary, ovules 1— many,., 
with two integuments, on the ventral suture. Fruit a follicle 
or iiideliiscent. Seeds without endosperm. 



Eig. 22. Banlcsia. A. Diagram ©f pair of flowers, B. Transverse section of 
flower-bncl. CVD. Opening bud and flower; st 3 de. E. Apex of sepal and 
aiitlier, a. P. Base of ovary and hypogynous scales. 0. Same in vertical 
section shemng ovule. H. Seed ox3ened shelving embryo. G, D about twice 
nat. size; B, E, E, C4 several times enlarged. (A,, B, E, E, Q after Le Maout 
and Decaisne; C, D after Engler.) 

Usually woody plants, .with alternate 'entire or pimiately 
cut leaves without stipules. Flowers in spikes, racemes or 
heads, often showy. 

One family, Proteaceae, with about 50 genera and lOOO 
species mainly in the drier regions of Australia and South 
Africa. 
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The plants are usually small trees or shrubs, rarely peren- 
nial herbs. The leaves are leathery and remarkably varied 
in form, their shape, position and structure shewing adapta- 
tion to xerophytic conditions. They are geiieralty narrow, 
sometimes cylindrical as in species of HaJcea, or often piiinately 
or bipiniiately divided. The epidermis is more or less strongly 
cutieiilarised and often hairy-felted or silky ; T-shaped hairs 



Fig. 23. Branclilet of Banhsia with fruiting ‘'cone,” x 


are characteristic of the large genera Grevitlea and Hahea. 
The stomata are variously protected by developments of the 
cuticle of the- guard-cells' or by sinking in, pits.’ The internal 
structure is bifacial or centric. The . assimilatory tissue is 
protected froiH: excessive insolation often bj?" a -vertical posi- 
tion of the. blade, and also frequently by the presence of a 
hypoderm, or sclerotic layer, between the epidermis and the 
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assiiiiilatoiy tissue; isolated ■sclerotic cells of various shapes 
are often present to prevent- collapsing of the delicate cells 
of the inesopliyll from excessive loss of water. 

The family was divided into two groups by Robert B-rowii 
(who made a careful study of the genera^) according to the 
nature of the fruit, either indehiscent {Nucanientaceae) or 
follicular {FoUiculares), In the former group the flowers are 
solitary in the axils of the foliage-leaves or bracts, in the latter 
usually geminate Avith sometimes, as m.Bmiksia, an additional 
smaller bracteole for each flower. The solitary flowers or 
pairs are very often associated in racemes, spikes or heads, 
more rarely cymose. In Protea the large heads of flowers are 
surrounded by large, often brightly coloured,iiivoliicral bracts. 

The perianth consists of four leaves placed diagonally to 
the bract, at first more or less coherent but becoining ulti- 
mately more or less free.; they- are usually long and narrow 
and of equal, rarely unequal,, breadth. The filainents of the 
stamens are generally coherent vdth the correspondiiigperianth- 
segment, the anther only being free. In association with a 
tendency to zygomorpliy in the flower one anther is sometimes 
aborted. At the base of the floral axis are nectar-secreting 
swellings, very varied in form, sometimes as scales alternating 
with the perianth-segments. 

The pistil is sessile, nr- borne on a more or less developed 
gynopliore. The style is , often long and thin and thickened 
only at the end w’-here the stigma is' borne; there is often a 
pollen-collecting apparatus below the thickened end. The 
flowers are generally proterandrous and entomopMlous; a 
tendency to zygomorphy is frequent— -in many cases -(as in 
the Emhotlwieae) the perianth .is curved to one side, and the 
end of the style swells on this' side to an oblique or lateral 
disc ill the middle of which is the small stigma on ayMcIi the 
pollen brought iroin one flower will he deposited by insects 
when probing the nectary at the base of another. 

The monocarpellary ovary is unilocular; the ovules, several, 
two or solitary, sometimes numerous, are borne on the ventral 
suture and are anatropous, or hang from the top of the chamber 
and are orthotropous. 

^ Trans. Linn. 8oc. s, 15 (1811) and Prodromus Florae NovaeTIoUcindiae {ISIO). 
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The fruit is a follicle or nut, more rarely a drupe; the 
pericarp is generally thick and often, as in Hakea and 
XylomMiim (Wooden Pear), very hard and woody. The seeds 
have usualty a thin coat and are often winged and adapted 
to wind-distribution. The fruiting inflorescence in Banksia 
forms woody cones, often very large, in which the dehiscent 
fruits are embedded. 

The great majority of the species occur in those subtropical 
districts of the southern hemisphere in which a wet period alternates 
regular!}^ with a diy period, as in Sonth-west and Eastern Australia, 
and the south-west district of the Cape; the xerophytic structure 
already referred to is associated mth this distribution. More than 
half the species are Australian, and more than one-fourth occur 
ill the south-west Cape district. Two occur in New Zealand, one 
of vdiich, Kiiightia excelsa (Rewa-Rewa), forms a large tree reaching 
100 ft. in height. About 30 species occur in New Caledonia, and a 
similar iiiiinber extend into tropical Eastern Asia; a few species 
are found on the mountains of tropical Africa as far north as 
Abyssinia (Protea), and two in Madagascar. The family is poorly 
represented in South America ; there are seven sjiecies in Chile and 
36 in tropical South iVmerica. 

The more important genera are Prolea, 70 species, inaiiii}?- at 
the Gape, with a few on the mountains of tropical Africa ; Leiica- 
dendron (Cape, 70 species); L. ctrgenteiim is the Silver-tree; 
GreviUea (Australia, 160 species), Hakea (Australia, 100 species), 
Banksia^ (Australia, 50 species), Dryandra^ (Australia, 50 species). 
A large number of fossil leaves, fruits and winged seeds from the 
Tertiary strata of Europe were assigned b,y Ettingshausen and 
Unger to this family, but the determination is very doubtful. The 
wood is generally hard, bnt trees large enough to 3deld timber are 
few ; such are the Australian GreviUea robusta and the New Zealand 
Kniglitia excelsa. Manjr species are growTi in northern latitudes 
as greenhouse plants (see the temperate house at Kew). Telopea 
speciosissima is the Waratah,’the national flower of Australia. 

^ Named bv the j'ounger Linnaeus in honour of Sir Joseph Banks, the great 
patron of Science and botanical explorer who accom|)amed Captain Cook on his 
first voyage of exploration, 1768-1771. 

^ Named by Robert Brown in honour of Jonas Dryander, librarian and curator 
of Sir Joseph Banks’s herbarium. 
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Elowers bisexml or unisexual, cyclic, regular, rarely witb 
a tendenc}:^ to zygomorphy. Perianth generally in one series 
with the stamens opposite its segments, sometimes petaloid, 
Oarpels generally two or three, rarely only one; ovary in- 
ferior, generally unilocular, with a few naked ovules pendulous 
from the apex or from a central free placenta ; or ovules not 
differentiated from, the placenta. Fruit a one-seeded nut or 
drupe or a berry-like- pseudocarp. Endosperm present, 
generally enveloping the straight embryo. 

Woody plants or herbs often more or less parasitic, with 
alternate or opposite simple leaves ; leafless in extrem.e forms 
(Balaiioplioraceae) , 

111 addition to the four families here treated, all of which 
have a more or less parasitic habit, there are several allied 
to Santalaceae. These are the two small families Opiliaceae 
(tropics), and Griibbiaceae (South Africa), and the family 
Olacaceae (tropics) ; cases of hemiparasitisin are recorded in 
the last named 

The order is allied to Proteales, differing mainly in the 
inferior ovar}^ It shews remarkable deviations from the 
normal in the development of the ovule, associated with the 
parasitic habit, which takes an extreme form in the Balano- 
plioraceae in which the chlorophyll-containing assimilating 
organs have completely disappeared and the female flowei 
has also become greatly reduced. 


Family I. SANTALACEAE 

-.owi^r 

The plants are hemiparasitic green herbs, shrubs or 
trees, some of which live on branches of trees, as in the family" ’ 
Loranthaeeae, while others are root-parasites. An example 
of the latter is found in the British representative, Thesium. ^ 
humifusum (Bastard Toad-flax). The seedling becomes 
attached to the root or rhizome of the. host-plaiit by suckers 
formed on the branches of the primary root. which 

coiitaiiis about 250 species, chiefly in the' temperate zone^.gy 

^ See Barber, C. A. “Studies in root-parasitism.^’ Memoirs of the Depart. iuiU. 
AgrimilUife in India, 1 , \ '^kcr 

feate^VT^b«^««s^K"'umw tissue^® the 
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witli its higliest developiiient in South Africa, has general! j?- 
an herbaceous habit, the plants often becoming woody at 
the base, with alternate or opposite narrow one-iierved leaves. 
Osyris (South Europe, x4.frica, India) is a; small genus of 
shrubs, withnaiTOw or broader leaves. SanMlumi (Saiiclal-wood) 

. with eight to nine species, extending from India tliroiigli the 
Malay Archipelago to Australia and the Pacific Islands, 
contains small trees or shrubs with generally opposite broad 
pemiinerved leaves. Other genera, including several Austra- 
lian, have a broom-like habit with much branched green 
stems bearing small scale-like leaves; of these, Exocarpus, a 
characteristic -Australian genus, bears the hard fruit (a nut) 

: on a swollen fleshy edible stalk (Australian Cherry). The 
leaves are exstipiilate and generally glabrous. 

The small regular flowers are bisexual or unisexual by 
reduction. The inflorescence is a spike, raceme, or head, the 
flowers standing singly in the axil of the bract, or forming 
diciiasia by the production of a flower in the axil of each 
bracteole. 

The flowers have a simple perianth, sepaloid or petaloid in 
character, with the parts more or less united below into a 
tube, and also adnate to a perigynous or epigynous nectar- 
secreting disc, which is scarcely developed in Thesmm, The 
'-^-.. generally four to five lobes have a valvate aestivation. The 
stamens are equal in number and opposite to the perianth- 
leaves, to the base or on the tube of which they are attached ; 
there is generally a httle tuft of hairs on the perianth-leaf 
ust behind each stamen, and the disc may be produced into 
hort lobes alternating with them. The short filament bears 
two-celled anther attached at or near the base. There are 
i/iiree to five carpels. The ovary is more or less inferior: 
rarely, as in Santakmi, nearly superior. It is unilocular, 
having a terminal style with a capitate or lobed stigma, and 
containing a central placenta bearing one to five, generally 
three, naked pendulous ovules. Pollination by insects is 
, iavoured by^ the . nectar-secreting disc, and often by the smell 
' ■>f the flowers and colour of the perianth ; proterandry has been 
bserved in some cases. Where there is more than one oyiile, , 
ly one is fertile; its embryo-sac becomes: mticli elongated 
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is syiiipodial and may form a di cjiasi nm as in Mstletoe 
(Viscmn) where each successive Rxis bears a pair of persistent 
green leaves, the growth being continued next season by the 
lateral buds, while the terminal bud produces the short in- 
florescence. 

The leaves are simple and entire, frequently thich and 
leathery and long persistent; stipules are absent. 

In germination the, hypocotyl grows out from the end of 
the seed, which has become attached to the branch of its 



Fig. 25. Fsittacantlvus davic&ps, A. Portion of shoot with inflorescence. B. Flower 
ill longitudinal section. 0. Fruit. I). Fruit, and seed cut lengthwise shewing 
the embryo with its large cotyledons filling the seed. E. Fruit cut across. 
c, calyculus. ■ ' ' . 

host by its viscid covering, and curving downwards fixes 
its swollen sucker-like ends to the branch (fig. 27, H). The 
rest of^ the embryo-axis bearing the small cotyledons, which 
have now absorbed the endosperm, is then drawn out from 
the seed-coat' and the embryo stands erect ; the first, pairs of 
leaves of the plumule are .small ■ and transitory, the energy 
of the plant being .devoted to producing the 'liaustorium 
(root) which grows from the centre of the attaching sucker, 
penetrates ..the bark and reaches the vascular tissue, of . the 


5-3 


68 


FLOWERTSTG PLANTS 


host. Support and a supply of nourishment being assured, 
the first green foliage-leaves are developed. 

The flowers, which are bisexual or unisexual, stand singly, 
or in dichasia, each in the axil of a bract; a number of bracts 
may be arranged in a racemose inflorescence ; when the flowers 
are stalked, the bract is adnate to the stalk. In Mistletoe a 
dichasium of male or female flowers ends the leafy shoot. 

In DendropJithora and Phoradendron the spike consists of 
two or more nodes noth decussating bracts, while the flowers 



spring either singly or in vertical rows from the internodes, 
in the tissue of which they are sunk in pits (fig. 26). 


The flowers are regular or with a tendency to zygomorphy ; 
the receptacle is cup-shaped and from the edge springs a 
perianth of generally two similar 2- to .3-merous whorls, 
the members of wliich are free or united, and small and sepal- 
like as in the subfamily Viscoideae (figs. 26, 27) or petaloid, 
often large and brilliantly coloured as in the Loranthoideae 





V 




Fig. 27. Visnmi,,jilhi^. A. Ground-plan of male, (J, ami female, 2, flower- 
bearing brancliTets; /, /, the pair of foliage-leaves in the axils of which new 
branches (r/) will arise; 6, ft, pairs of bracteoles; the dichasium endvS 
the growth of the branchlet (the male terminal flower has 6 perianth- 
leaves and stamens). B. A male shoot. C* Male flower in vertical 
section. B. Same in transverse section; o, anther; p, perianth. E. Eeinaie 
flower. F. Same in vertical section; p, perianth. G. Fruit in vertical 
section; m, viscid layer; p, pericarp; w, endosperm. H. Two stages 
in germination. At a, the plantlet is attached by a sucker-like disc and 
still bears the hard pericarp coat; at 6 the latter has been east of! and the 
pair of small cotyledons are seen. I. Attachment of a mature plant to the 
woody tissue of the branch of the host, seen in section, the course of a 
haustorium on the outside of the wood with branches penetrating the wood 
at intervals is shewn at K C~G enlarged. (A, D after Engler; B, G, E, F, 0 
after Le Maout and Deoaisne.) 
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(fig. 25). Ill the latter a slightly toothed or irregular rim 
(calycnltis) is present below the perianth, and is sometimes 
regarded as a calyx. The stamens are equal in niiiiiber and 
opposite to the perianth-leaves with which they are more or 
less united. In fusion is complete, the petal and 

stamen rising from the floral axis as one structure on the' 
front of which a large number of pollen-sacs are produced 
(fig. 27, C, D). This separation of the pollen in iiiimerous 
small chambers occurs elsewhere in the faiiiity. The ovary is 
unilocular and contains a large central placenta from which 
the ovules are not differentiated. Treiib shewed in ElytrantJie 
globosa that groups of sporogenous cells arise at three or 
four points, indicating the presence of an equal iiniiiber of 
carpels ; from one of these an embryo-sac is produced which 
becomes remarkably elongated upwards into the tissue of the 
ovary-wall and the style. In Viscmn an ovary-cavity is 
scarcely distinguishable, a group of sporogenous cells is pro- 
duced in the placenta, of which generally one only develops 
an embryo-sac. 

Pollination may be effected in unisexual flowers bj^ aid of 
the wind, but in the conspicuons brightly coloured flowers 
of many Loranths the eftective agents are insects or small 
birds which come for the nectar secreted in the bottom of the 
perianth-tube at the base of the style. Explosive flowers 
occur, as in several species .of the buds remaining 

closed till a tap on the apex causes a sudden separation of 
the perianth-segments and explosive dehiscence of the stamens. 
The small greenish flowers of the Mistletoe {Viscmn cdbiim). 
which is dioecious, contain nectar and are visited by flies. 

The fruit is a pseudocarp comparable to an apple, the 
ovary becoming united with the receptaciilar cup to form 
a berry-like, more rarely drupaceous fruit. x4t the limit 
between, the fleshy receptacle .and the true pericarp a layer 
of viscid substance is developed. The' true pericarp is iiieiii- 
branous or crustaceous and contains generally one seed, or 
sometimes,: as in„.Mistletoe, .,tMa..crihree,,^Tlie -viseid sub- 
stance causes the seed , to cling to the beak of fruit -eating 
birds,. to be subsequently rubbed off on the branch of a tree, 
in the operation of cleaning. 
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The embrj^o generally lies in the axis of a fleshy eBdosperiii,, 
the cotyledons being appressed face to .face; in Psittamnthus 
the endosperm is absorbed by the embryo which has two 
large fleshy cotyledons filling the seed (fig. 25, D). 

The 21 genera, containing over 500 species, fall into two sul)™ 
families Lobanthoideae and Viscoideae, distinguished by the 
presence or absence respectively of a cal^^culiis . To the former belong 
10 genera, including Loranthus, the largest genus of the family 
with about 250 species in the tropics of the Old World, with a few 
extratropical, such as L. europaeus, a parasite on Oak and Chestnut 
in Central and Southern Europe ; and PsittamnfJiiis, with about 
50 species in tropical America. The largest genus of Viscoideae 
is VisGum, with about 20 species widely distributed in the Old 
World. VisGum album (Mistletoe) is the only British representative 
of the family; it is found on many different trees, rarely on the 
Oak, Here also belong DendropMliom, PJioradmdron and Aroeti- 
thobium; the last-mentioned is a genus of small leafless ]3arasites 
growing on Conifers. The ‘Svooden-roses” often shewui as curiosities 
are the swollen places of attachment of a Loraiith to the woody 
tissue of its host. 


Family III. BALANOPHORACEAE 

A fainii}^- of root -parasites, leafless and -without chlorophyll, 
inhabiting the warmer parts of the world. The vegetative organs 
are reduced to fleshy yellowish or reddish, generally tuber-like, 
branched rhizomes which are attached by suckers to the woody 
root of a host-plant. The rhizome is generally naked ; scale-leaves 
are seldom present. The inflorescence is borne on an erect cylin- 
drical axis projecting above the ground; it often originates in the 
interior of the rhizome and after breaking through remains 
surrounded at the base by a sheathing outgrowiii. When young 
it bears numerous scale-leaves. The small sessile or shortly- 
stalked flowers are generally crow^ded in a head or spike and rarely 
form a panicle as in the Cape genus SarGoplitfle. They are imisexual, 
and monoecious or dioecious. The male generally have a simple 
perianth of three to four leaves,, united below into a tube, with an 
equal number of stamens, one in front of 'each perianth-seginent. 
The one- to iiiany-chambered anthers open . by pores or slits; a 
pistil-rudinient is sometimes jeresent. The female, are, generally 
naked, rarely with. a superior perianth; the pistil is foimed of 
one, two., , or three carpels, with a uniloculay ovary and one or two 
styles. The, ovules, one to three -in number, are naked,' sometimes 
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reduced to an embryo-sac, and often miited with the ovary-wall. 
The fruit is a nut contahiing one seed which consists merely of a 



Fig. 28. A. Male plant of BcdanopJiora dipi(^(i^ B. Male flower of B. elongata. 
G, Portion of female spike cut vertically shewing sterile apex^ f?, and several 
flowers each consisting of an ovary vith a single pendulous ovule and a 
long thread-like style. D. Fruit of B. elongata in vertical section; s, seed; 
e, embryo; w, endosperm. E. Branch of male inflorescence of Sarcophyte 
sangtiinm. F. One male flower of same, consisting of three perianth-leaves 
and three stamens. Q. One perianth-leaf with stamen, in bud, the anther 
cut across. H. Ovary of Lophophytum mirahile in vertical section; o, ovule; 

' h, group of sderenchyma. F x G x 8 ; B, C, D, H variously enlarged. (After 
Bailion, .Hooker, EicMer and Engler. ) 


fleshy oily endosperm enclosing at the apex a small nndiffereiitiated 
embryo. 
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Little is known about the- method of pollination; some species 
■are visited by insects, probably attracted by the smell, that of 
Smco^iliyte sanguinea resembling decaying fish; others are said to 
be wind-pollinated. 

A. Ernst (1) has studied the formation of the embryo in different 
species of Balanophora, and finds that the embryo-sac is either 
derived directly from the embryo-sac-mother-cell, or arises, after 
a single division, from the upper daughter-cell : the nucleus has the 
somatic number of chromosomes. The endosperm is formed entirely 
from the upper polar nucleus ; and after the first division of the latter 
into a small upper endosperm-cell and a large basal haustorial cell, 
the cavity of the embryo-sac develops. These results agree with 
those of Treuh (2) and Lotsy (3), but their subsequent conclusions 
that the embryo develops apogamously from the endosperm 
appear to be incorrect, for Ernst found that wliile the endosperm- 
cell regularly develops into an eight-celled mass of endosp>orm, 
the egg-cell does not degenerate as supposed, but persists as 
a small shrunken cell, wbich after several divisions gives rise 
to a small undifferentiated embryo. The investigations of Van 
Tieghem and Hofmeister, taken in conjunction with the wnrk of 
Ernst, sheAv that the embr^m of the Balanophoraceae usually arises 
from the egg-cell, but that in exceptional cases another ceil of the 
egg-apparatus may take part in its formation; in the majority of 
the genera emhrjn-formation takes place after fertilisation, but 
in B, elongata and B. glohosa, and also in Rliopalocnemis phdloides 
and Helosis guyanensis, it is of a parthenogenetic character. 

There are 14 genera with about 40 species wiiich are founel 
generally in tropical wnods and savannahs where they grow’’ 
attached to the roots of trees or shrubs. The genera fall into 
groups which are often confined to different geographical areas. 
The largest genus, Balanop)Jio7^a, has 11 species in the Indo- 
Malayan region and extending to tropical Australia and the 
Pacific Islands. 

The family, which is of doubtful affinity, is here placed near 
Santaiaceae on account of the antepetaious stamens, and the 
freqiienc^T- of a 2- to 3-carpellary ovary containing a free placenta. 
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Family IV. CYNOMORIACEAE 

Tlie genus Gyiiomormm lias been ineiiided in Balaiioplioraceae 
blit is now generally regarded as comprising a distinct moiiotypic 
family; it has been placed by Engler near Haloragaceae, owing 
to its resemblance in floral structure to Hippuris, It differs 
from Balaiioplioraceae in the presence of an integiinieiit round the 
single peiidiiloiis OYiile, and of a seed-coat. The flowers are niii- 
sexiial, or bisexual, with a simple perianth and one stamen. It is 
a moiiotypic genus found round the shores of the Mediterraiieaii 
and on the Central Asiatic steppes, growing on the roots of 
shrubby or herbaceous salt-loving plants. The plant is of a 
brilliant red colour, whence its name Cipiomorkmi coccmeiim. 


Order 10. ARISTOLOGHIALES 

Flowers , bisexual or unisexual, cyclic, regular or zygo- 
morphic. Perianth in one series, united or free, petaloid or 
fleshy. Stamens ecpial in number with the perianth-segments, 
or twice as many or indefinite, free or united with, the style, 
on a central column (gynostemium). Ovary inferior, four- to 
six-celled with axile placentas, or unilocular with parietal 
placentas; ovules numerous, generalty with tivo integuments. 
Fruit a capsule or berry. Seeds with endosperm and some- 
times perisperm, and a small embryo. 

Herbs or woody chmbers^ with simple scattered exstipulate 
leaves, or parasitic plants without cblorophyU and iiiueli 
reduced vegetative structure. ^ 

The position of Aristolochiales next to Santalales is that 
adopted by Engler and Warming. Others regard the order 
as allied, to the Ranales, relying on the triniery of the 
flowers, the . extrorse' anthers and the presence of secretory 
cells ill the leaves in Aristolochiaceae. Thus Wettsteiii places 
them .immediately ..after Lauraceae, and Hallier derives tlieiii 
from the Berberidaceae through the Lardizabalaceae. It is 
generally agreed that Bafflesiaceae and Hydiioraceae should 
be placed, in the' same' order with Aristolochiaceae, repre- 
senting much reduced parasitic forms. ■ 
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Family I. ARISTOLOCHIACEAE 
■ A small family of six genera and about 200 species dis- 
tributed tliroiigli the hot and temperate parts of tliC' world. 
The plants are herbs, or have a Avoody, generally a climbing, 
stem. The leaves are alternate, stalked, simple and entire, 
or sometimes three- to fiA^e-lobed,. and often have a heart- 
shaped base ; in most species oil-containing cells are found in 
the blade, and also in the tissue of the stem. The only 
British species is Asarum euro2)aetiTn, (Asarabacca), a rare 
perennial herb with a subterranean rhizome and a creeping 
aerial stem; the latter is a sympodiiim; each, year’s groAvtli 
is represented by a short axis bearing a feAv scale-leaA^es and 
a pair of long-stalked kidney-shaped foliage -leaves; in the 
axil of the upper leaf arises the bud which Avill continue the 
groAvth next season while the main axis ends in a floAver. 
Other members of the genus (13 species) have a similar habit. 


© 
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The greater number of species (180) are 
included in AristolocMa the species of 
AA^hich are Avoody climbers or herbs Avith a 
perennial rhizome as A. de^ruttUis, a central 
and southern European species Avhich has 
become established near old ruins in some 
parts of England. The floAvers in AristolocMa 
stand singly or several together in a leaf- 
axil; in A. deniatitis there are fiA^e to ten 
arranged in a zig-zag and beloAV these two 
to fiA’^e leaf -buds with a similar arrangement 
(fig. 29). 

■ The flowers are bisexual and epigynous, 

Avitli a simple, generally trimerous, petaloid. 
perianth AAdiich is regular and bell-shaped 
ill and zygomorphic and tubular or 

pitclier-like in AristolocMa,. haAung a constricted neck abo've 
a SAvolien base in Avhich the essential organ, s are contained, 
and . becoming dilated' above .Avith a more, , or less iiimiel- 
, shaped mouth. In Asarmii there are sometimes present three 
'small, teeth; alternating .AAuth. the perianth-leaves wliieli may, 
■ represe,nt an inner perianth-Avhorl. 


Fig. 29. Groimd-plaii 
of a group of , six 
flowers witii fpiir, 
foliage-buds beneath. 
t,hem,,iii the leaf -axil 
of ArmtolocJiiitclenm- 
titis. (After .Eichler.) 
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The stamens, which vary in number from 6 to 36, are free, 
or united with the style to form a gynostemium. The inferior 
ovary is generally four- or six-celled with several or numerous 
anatropous ovules borne on an axile placenta in each chamber. 

Asarum ettropaeum has 12 free stamens, and a six-celled 
ovary, the chambers alternating with the inner whorl of six 
stamens. Six is the usual number of stamens in Aristglgchia : 
they are arranged on the gynostemium at equal distances 
alternating with the six carpels, or are associated in pairs 
{fig. 30, B). 



Fig. 30. A, Floral diagram of Amrum eiiropaeum. B. Flora! diagram of Arista- 
lochia clematitis. C. Vertical section of flower of Asarum^ x f. 1>. Portion 
of stem of Aristolochia dematitis with leaf -stalk, j\ in the axil of which are 
flowers of different ages; 1, flowers wliieh have not been pollinated; 2, pol- 
linated flowers; x f. E. A single flo’wer in longitudinal section, before 
pollination; a, anther; s, stigma; o, ovary; nat. size. F. Dehiscing capsule 
of A. brasilimsis in its normal pendulous position, x G. Seed of >A. Sipho; 
a, true seed; h, enveloping outgrowth from the hiiiim; nat. size. H. Seed 
of Aristolochia in section shewing small embryo and copious endosperm. 
(A and B after Eichler; D after Sachs; 0 after Le Maoiit and Decaisne; 
G after Scimizlein.) 

The flowers are proterogynous and pollinated by small flies 
w^hich are attracted by the lurid, spotted, and eml-smelling 
perianth. In J.. clematitis the perianth somewhat resembles 
the bract of Arum maculatum on a much smaller scale and 
wflth an elongated narrow neck. This neck is lined with 
downward-pointed stiff hairs. Before pollination the flowers 
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are more or less ascending with a widely open month ; flies 
bringing pollen from another flower have easy access to tlie 
lower chamber,' but their return is prevented by the down- 
ward-pointing bristles in the neck. The stigmas which crown 
the gynostemium project over the anthers, but after pollination 
they wither and become erect, thereby exposing the dehiscing 
anthers; the hairs in the neck of the perianth also wither, 
allowing the escape of the insect, and the flower gradually 
droops, the mouth of the funnel becoming closed. 

■ The fruit is a capsule dehiscing septicidally ; the seeds vaiy 
in shape; they are generally more or less flattened, and are 
often partially covered by a spongy development of the raphe 
which separates when the seed is ripe. They contain a 
copious endosperm and a small embryo. 

Family II. RAFFLESIAOEAE 

A small family of parasitic herbs, mostly tropical, of which the 
vegetative organs are reduced to a mycelium -like tissue ramifying 
through the cambium and adjoining layers generally of the woody 
root of the host-plant. The flower-buds are produced within the 
host by a local growth of the cellular tissue, ultimately breaking 
through and expanding above ground, and are either solitary and 
terminal or, in Cytinus, arranged, each in the axil of a bract, in a 
dense spike. They are unisexual, and shew considerable variety 
in form and size ; those of A2^odmiihes, a stem-parasite from tropical 
South America, being quite small, wliile in Rafflesia (Malay Archi- 
pelago) they are colossal and in R, Arnoldi are said to measure a 
yard across. They have a regular spreading superior perianth of 
four, five or six members, preceded, except in Cytinus, by an equal 
number of alternating scale-leaves, while in the centre rises a 
column, the upper surface of which spreads iik© a disc and in the 
female flower bears the stigmatic surface on the incurved edge; the 
inferior ovary is unilocuiar with numerous ovules borne on four 
to eight parietal placentas, or consists, as in Rafflesiaj'oi an irregu- 
lar complex of, chambers bearing numerous ovules on their wails ; 
the ovules are generally more or less erect and have a single integu-' 
ment. The male flowers have an indefinite number of anthers 
arranged in a ring on the lower side of the edge of the coliiniii 
or ill CytinuS: (fig. 31, H)' around the swollen head; they vary. 
in structure and ill the number of the pollen-chambers. ' , 

The fleshy, succulent fruit is crowned by the persistent coiiiiini 
and contains: numerous minute -seeds with a hard testa, and a 
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few-celled undifferentiated embryo surrounded by a b\yer of large 
oily , endosperm-cells. 

The eight .genera, with about 20 species, are mostly tropical. 
They fall into three tribes, the Eafflesiem in the Himalayan region 
(^Sfapm), Siam (Eickhofenia) and the Malay Archipelago (Eafflesia) ; 



Fig. 31. A-F. Eafflesia. A. Male flower-bud, x sc, enveloping scale-leaves; 

r, root of host-plant. B. Open female flower, x . C. Longitudinal section 
through a female flower after removal of the perianth; o, ovary-cavity, 
roofed by the flat stigma-bearing disc; a, indicates position of stigmas; 

s, style-me surface of disc. D. Three anthers from a male 

flower. E. Section of one anther. F. Seed from which the testa has been 
removed, shewing the one-layered endosperm, en, surrounding the embryo, 
X 60. G-^L. Oytinus. G. Plant growing from the root of ?\ H. Longi- 

tudinal section through male flower. I. Longitudinal section through female 
flower; o, ovary-cavity. J. Portion of cross-section of ovary, shewing two 
chambers. K. Diagram of male flower. L, Diagrammatic section of ovary 
of female flower; .s, position of stigmas. H, I, J enlarged. (B,E after B. Brown; 
F after Solms ; GAt after Le Maout and Decaisne ; K, L after Eiehler. } 

the Apodantheae with Apodanthes in South Ameiica, ami : 

mainly ..South American, ; but with species in South, California, 
Angola, and .Western Asia;' and the Cytinem with 'Oytinus, ’which 
has one species at the Cax^e of Good Hope while -another, G.:Hj/po- 
cisiis,. parasitic on the roots of G^a^W5,^acoolnpanies its host through-. 
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out the' Mediterranean region, extending northwards along the 
xltiantio coast of France, and Bdallopliyton \Yith. two Kspeeies in 
Mexico. ..The family is thus a widely- distributed, one. 


Family III. HYDNOEACEAE 

Contains two genera only, Hydnora with about eight species 
in Africa and the Malagasy Islands, Rnd Prosopanche with a single 
species from the pampas of Argentina. The vegetative structure 
consists of a branched creeping cylindrical or angular rhizome 



Fitj. 32. A. Hydnora africana; rhizome bearing flower-bnds in various stages, 5, 
and an open flower, /. B. Flower in section shewing two perianth- leaves 
and corresponding stamens, a; s, stigma; o, placentas bearing ovules. 
C. Prosopanche; embryo-sac with its contents, c, buried in the tissue of the 
placenta. B. Ripe seed of same in longitudinal section, e, embryo; 
n, endosperm; jy, perisperm. A and B | nat. size; C and I> much enlarged. 
(A after Sachs; B after R. Brovm; G after, De Bary; D after Solms.) 

growing from the point of attachment to the woody root, generally 
of an Acacia or Euphorbia. From the rhizomct spring large flesh3" 
solitary, flowers which, project above the surface of the ground. 
The flowers are ..bisexual with a whorl of three or four thick fl.eshy 
perianth-leaves united below into a tube which springs from ^ the 
top of the ovary.;, the lobes have. a. valvate aestivatio.ii. The 
.stamens, . which .are equal in number to the perianth-lobes, fGr.m 
in Hydnora a sessile 3- to 4-rayed ring inside the periaiith-tTibe, 
containing on the upper' side a large number of .pollen-sacs which 
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Open by longitudinal slits. In Prosojmnche, wliicli lias a trimeroiis 
flower, tlie three stamens are united into a cap covering the stigmas 
and three alternating staminodes. The ovary is iiiiiioctilar, and 
is roofed in by a large number of flat closely packed placentas, 
the upper surface of which forms the stigma while the lower grows 
down into the cavity’ of the ovary and bears, in Hydnora, on its 
surface iiiiinerous orthotropous, sessile ovules each with a thick 
integument; in Proso-jMiwhe the ovules are reduced to naked embryo- 
sacs buried in the tissue of the placenta (fig. 32, C). The fruit has 
’ a tough outer layer which splits obliquely and encloses a ilesh^?' 
pulp in which are numerous spherical seeds, with a hard seed-coat. 
The small undifferentiated embryo is surrounded by both endo- 
sperm and perisperm, the cell- walls of which are much thickened 
and horny (fig. 32, D). 

This family is often included in the last, from which it is dis- 
tinguished by the structure of the androeciiim and of the ovar}^,, 
and by the presence of perisperm in the seed. 


The following three orders represent natural and ■well-defined 
groups which occupy at the present time a somewhat isolated 
position. 

The flowers may be extremely reduced and naked, though 
usually bisexual, as in Piperales, but are generally provided 
with a perianth, which in Polygonales consists typically of two 
similar whorls, Centrospermae include a large series of forms 
ranging from a simple type of flower resembling that of Urticales 
to elaborate forms with well-differentiated calyx and corolla, 
a double series of stamens and a highly developed many-oviiled 
pistil, and shewing an advanced stage of adaptation to iiisect- 
pollination. 


Order 11. POLYGONALES 
Family POLYGONACEAE 

Flowers "generally bisexual, small, regular, usually borne 
in large numbers in compound inflorescences ; trimerous (more 
rarely, dimerous) and cyclic, or acyclic. Perianth hypogynoiis,. 
generally, uniform, more’ rarely, the outer and inner wvhorls 
.different. Stamens usually six to nine,., sometimes fewer. 
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Carpels superior, generally three, rarely two ; ovary uni- 
locular containing a single erect orthotropous ovule. 'Mowers 
wind- or insect-pollinated. Fruit a three-sided or biconvex 
lint. Seed containing a more, or less exceiitric or lateral 
embryo which is variously folded or straight, and a copious; 
mealy endosperm. 

Herbs, rarely shrubby or arborescent plants, with generally 
spirally arranged simple leaves with an ocreate stipule. 

One family, Polygonaceae, containing about 32 genera and 
about 700 species, chiefly in the north temperate zone. 

Allied on the one hand to Urticales, on tlie other to the 
earlier families of Gentrospermae ; compare the general 
structure of the flower and the unilocular ovary with a single 
ovule. The intrapetiolar stipule noticed in some members of 
Urticales is, as the ocrea, a constant character in Polygoiiales. 
An interesting feature is the multiplication of the stamens 
and the relation between the two-wliorled trimerous and the 
acyclic perianth. 

This is a very natural group, the members, though shewing 
considerable variation, having certain well-marked features 
in common, namely, the unilocular ovary with a solitary 
erect ovule, and an easily observed leaf-character, the almost 
constant presence of an ocrea. The ocrea is absent only in a 
group of genera which, with one exception, are practically 
confined to Western America, most of the species inhabiting 
either California or Chile or both. The exception is Koenigia 
islandica, a small low-growing annual, often not an inch high, 
which grows in arctic and subarctic regions, and in the 
Himalayas. 

The stem is herbaceous or sometimes woody; and very 
often swollen at the nodes. In MtieMenbeckia platyclaia^ a 
native of the Solomon Islands, the stem , and branches are 
flattened, forming ribbon-like cladodes, Jointed at the nodes. 
Climbing species also 'occur, as for instance oiir native Foly- 
gowmn Gofivolvuhis (Black Bindweed). 

The leaves are scattered, simple and generally entire; they 
are sometimes lobed as in Rhubarb (RJmim) and often in 
Sheep’s Sorrel (Bumex Acetoaella), They are mostly smooth, 
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blit sometimes; especially in mountain species, woolly or 
covered with a thick felt. The edges of the leaf are 
rolled back in the bud. Crystals of calcium oxalate are 
frequently present in the cells. The small flowers are borne 



E’’ia. 33. A. Eloral diagram of Pt&rostegia shewing persistent mnged hracteoles, d. 
B. Eloral diagram of Bheum. C. Floral diagram of Mumex, D. Flower of 
Rheum officinde in vertical section; d, nectar-secreting disc. E. Floral dia- 
gram oi Koenigia; 6, braoteoles. F. Fruit of Triplaris, q, H. Dimorphic 
flower of Polygonum Fagopi/rum, shewing long- and short-styled forms; 
gr, nectar glands. (A, B, 0, B after Eichler; D after Luerssen ; F after Dammer; 
G, El after H. Muller.) 

ill large numbers in compound inflorescences, the branches 
of which are cymose. They shew two forms of arrangement, 
cyclic, with regularly alternating isomerous whorls, and acyclic. 
In Pferostegia, a monotypic Californian genus, which derives 
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its name from the fact that the two ■ hracteoles persist and 
form each a winged bladder enveloping the fruit, there are 
five regularly alternating whorls, each of three members 
(fig. 33, A). The two outer belong to the perianth, then 
follow two staminal whorls, while the triangular ovary 
occupies the centre. Other arrangements may he derived 
from this type by multiplication or suppression. Frequently 
doubling occurs in the outer whorl of stamens, as for instance 
ill Rheum (fig. 33, B), or Bumex (Dock) (fig. 33, 0); in the 
latter the inner staminal whorl is suppressed. In Koenigia 
often only one perianth-whorl and one staminal are developed 
(fig. 33, E). More rarely the cyclic flowers are dimerous, as 
in Oxyria (Mountain Sorrel), a monotypic arctic-alpine genus ; 
the outer staminal whorl is doubled (fig. 34, C). 

In acyclic flowers a 5-merous perianth is followed by a 
5- to 8»merous androecium. 

Karl Schumann^ found that in Polygonum the order of develop- 
ment does not follow a spiral arrangement but depends on the 
growth of the floral axis and the mutual pressure of the members, 
organs being produced where there is most room. The order of 
succession of the perianth-leaves is indicated in the figure (fig. 34, 
A). The first staminal rudiment is posterior; this is qnickly 
followed by a pair opposite sepals 1 and 2, which immediately 
split lengthwise, next arises one opposite sepal 4 and finally one 
opposite sepal 5. In P. Bistorta (fig. 34, B) the rudiment opposite 
sepal 4 also splits and there are eight stamens in the flower. Three 
of these, namely the single ones opposite sepals 3 and 5 and the 
one of the antero-lateral pair which is nearest to sepal 1, stand 
higher in the floral axis and form the inner whorl; the pistil 
originates in the triangular space left between them. In P. orien- 
tale (fig. 34, A) the staminal rudiment in front of sepal 4 does not 
split, and the development of the pistil is governed by the pressure 
of the two inner stamens and forms a transverse pair of carpels. 
Ill P. tinctor^um, sepal 5 and the associated staminal rudiment 
may also disappear and a regular dimerous flower results which, 
aGGording to Schumann, exactly resembles in arrangement that 
of Oxyria digijna (fig. 35,. C). In P. dios 2 )yrifoUum (fig. 34, D) the 
inner whorl of stamens is absent altogether. Outgrowths of the 
receptacle of the nature of glands (disc-developments) may. occur 
ivithin the staminal series (fig. 34, A, B). 


Neue Untersuchungen iih&r den Bluthenafischluss, 1890, 327* 
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The perianth-members even when occurring in two distinct 
whorls are generally all ahke, and green, white or red. They 
are free or more or less connate, and persist till the fruit is 
ripe, often playing an important part in its distribution. Thus 
in Btmex (Dock) the three outer leaves remain small but the 
three inner grow considerabty and completely envelop the 
fruit which appears surrounded by three membranous wings 
(fig. 36, C). One or more of these wings may bear on the 



Fig. 34. Floral diagrams of A, Polygmmm or mitale; B, P. Bistorta; C, P. tmctorkim 
and Oxyria cligyna; D, P. diospyrifolmm. The figures indicate the order of 
succession of the sepals. The shaded portions inside the stamiiial series 
represent the disc-development. (After K. Schumann.) 

back a large flesliy wart (callus), wMcli forms an attractive 
object. Frequently the' mngs are provided with bristles 
which are often hooked at, the tip and will readily cling to a 
bird’s feathers or anything soft or furry. Less often it is the 
outer perianth-whorl which functions as an agent of distri- 
bution as "ill the tropical South American genus Triplaris, 
where the three outer leaves develop into long flat mem- 
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"braiioiis, almost erect wings, the whole appearing like a 
shuttlecock (fig. 33, F). 

' Pollination is effected by wind- or insect-agency or in some 
cases by incurving' of the stamens on^ to the stigmas of the 
same flower. The Docks (Eumex) are wind-pollinated and 
have large, brush -like stigmas; the flowers are moreover 
pendulous on slender stalks (fig. 36). 

Mhemn and Polygonum are entomophiloiis and have accord- 
ingly capitate stigmas and nectaries near the base of the 
stamens (fig. 33, D, G, H). The flowers are rendered con- 
spicuous chiefly by association in large numbers, or by 
crowding, as in Polygonum Bistorta (Bistort). 



Fig. 35. Polygonum pumtaium. A. Leaf and flower-spikes. B. Portion of flower- 
spike® G. Periantli out open. D. Stamen. E. Nut. F. The same in transverse 
section; c, embryo; e, endosperm. (From Plor. Jam.) 

Species of Polygonum afford an interesting series of adaptations 
for favouring cross-pollination, or failing this, self-pollination ® 

111 Buckwheat (P. Fago%yyrum) the flowers are dimorphic (fig. 33, 
G, H).' They are made conspicuous by their white or red perianth, 
their number, and their perfume. Nectar, secreted by eight glands 
at the base of the stamens, lies at the bottom of the shallow out- 
spread perianth and is accessible to short-lipped insects. Of the 
eight stamens the five outer dehisce in trorseiy, the three inner 
extrorseiy, and as the nectary stands between the two series, 
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insect- visitors will get dnsted with pollen on both sides. The two 
forms of flower have respectively long styles and short stanieiis or 
short styles and long stamens, the anthers in one form being on 
a level with the stigmas in the other form. H, Miiller records 
41 species of insect- visitors, nearly all bees or flies. In P. Bistorta 
the crowding of the flowers in a spike and their coloured perianth 
make them conspicuous. Nectar is secreted by eight red swellings' 
'^■at the base of the stamens. Cross-pollination is ensured by dicho- 
gamy, the flowers being markedly proterandrons. In the first 
stage the anthers protrude from the flower and not mitii these 
have dehisced, withered and mostly fallen do the long styles pro- 



Pici. 36. Ewmex oUiisifolms. A. Portion of panicle in fruit. B. Flower. G. Per- 
sistent perianth enclosing fruit. D. Fruit with persistent perianth cut 
lengthwise. E. The same cut transversely. F. Fruit cut lengthwise at right 
angles to D. G. Leal a, callus; c, cotyledons; c, endosperm; r, radicle. 
(From Mor. Jam.) 

trade their stigmas. In P. Persicaria the white or red flowers are 
crowded in a short spike. Owing to the smaller size of the flower 
and the spike, the absence of perfume and the smaller supply of 
nectar, insect- visits are much rarer than in the two preceding cases. 
^'It is therefore/’ to quote Hermann Muller, of more importance 
for self -fertilisation to he possible in default of insect- visits, than 
for . cross-fertilisation to be absolutely insured ■when insect- visits 
do take place.” The structure of the flow^er is therefore different 
from, that of P. Fagopymm and P. Bisforta. At the base of each of. 
the five, perianth-segments is; a gland , secreting a„,thiii layer of 
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iieetar. Alternating with the perianth-segments are five stamens 
spreading outwards away from the stigmas which ripen at the 
same time and stand on the same level with the anthers. The 
other three stamens are reduced in size or have entirely disappeared . 
When present they bend towards the middle of the flower and 
come in contact with the stigmas, effecting self-pollination. ■ In 
■P. minus the flowers are about as large as those of P, Persimria but 
are green and form looser spikes and are therefore less conspicuous 
and less visited by insects, Muller finds accordingly that the inner 
series of stamens which curve inwards persist much more frequently 
than in P. Persicaria. Finally in P. aviculare (Knot-grass) the 
flowers are solitary and very small. They are odourless, apparently 
without nectar, and are very rarely visited by insects. They 
pollinate themselves by the incurving of the three inner stamens. 
The efficiency of self-pollination in this case is demonstrated by 
the facts that every flower sets seeds and that Knot-grass is on© 
of our commonest weeds. 

The fruit is a dry one-seeded nut, three-sided when, as 
usual, three carpels were present in the flower, two-sided 
when, as in Oxyria, it was bicarpellary ; both forms sometimes 
occur on the same plant, as in Polygonum Persicaria, The 
seed contains a nutritious mealy endosperm in which the 
straight or curved embryo is more or less embedded. In. 
Buckwheat the cotyledons are folded on one another, appearing 
in transverse section to be twisted in the form of the letter 
S with endosperm occupying the sinus. 

The north temperate zone is the principal home of the family. 
Of the 32 genera a few only are tropical ; Coccoloba for instance, 
which is also remarkable for the perianth becoming fleshy in the 
fruit, has 125 species confined to tropical and subtropical America, 
Relatively fev' species are found in the southern hemisphere, or, 
as Koenigia islandica and Oxyria rligyfia, in the colder parts of the 
northern. A few genera and species have a very wide distribution,. 
Polygonum, for instance, occurs in all the five continents, spreading 
from the limits of vegetation in the northern hemisphere to the 
mountains of tropical Africa and the Cape, through the liiglilai;i.{is 
of tropical Asia to Australia, and in the Kew \¥orld as far south 
as Chile. Most of the genera, on the other hand, have a limited 
distribution; four occur only in California, one is limited to 
Mexico, another to the island of San Domingo. Several genera 
{Atmphaxis, GalUgomim Ptero'jyymm) are Asiatic steppe-plants 
forming shrubs with slender woody stems and small leaves. Mhmim 
(Rhubarb) is central Asiatic ; the rootstocks of several species ha.ve 


88 


FLOWERIKa PLANTS 


■long been used in medicine. Three genera are represented in the 
'flora of. the British Isles: Polygonum by 14 species; P. avimlare 
and P. Convolvulus Bue common in fields and waste places, 
P. Bistorta, P, ampMbmm, P. Persicaria and P. Hydmjnper occur 
ill wet or damp situations, while P. maritimuni is a sea-shore plant 
of the south-west of England: Emnex, by 14 species, several of 
which are common in w^aste places; B. Acetosa (Sorrel) contains 
a large amount of acid-potassinm-oxalate : Oxyria digyna (Moiin- 
taiii Sorrel), taking its generic name from the acidity of its leaves, 
is an alpine plant found from North Wales and Westmorland to 
Orkne}' and also in the sonth-west of Ireland. 

Order 12. PIPERALES 

Flowers generally bisexual, but sometimes unisexual, 
minute, without a perianth, arranged in spikes, and each in 
the axil of a bract ; bracteoles absent. Stamens (one to ten) 
and carpels (one to four) variable in number, but the flower 
may generally be derived from a trimerous type. Carpels 
free or united. Ovule with two or sometimes one integument, 
orthotropous, usually solitaiy. Seed relatively large, con- 
taining a small embryo at the apex of a copious endosperm, 
or endosperm and perisperm are present. 

Generally herbs or shrubs with entire leaves, stipules 
present or absent ; oil-containing cells are present in the leaves. 

Mainly tropical or subtropical contaming the important 
family Piperaceae and two small families. 

Allied to the last order (Polygonales) in the trimerous rela- 
tion of the flower and the orthotropous solitary ovule but 
regarded by Engler as representing one of the most primitive 
types of Dicotyledons and placed by him near the head of the 
group. A relationship has also been suggested between 
Piperales and the monocotyledonoiis famiW Araceae to wdiich 
there is some resemblance, especially in the character of the 
inflorescence. 

Family I. PIPEEACEAE 

Flowers generally in fleshy spikes. Ovary. oiie-celled. with 
a basal orthotropous ovule, which in Pe^iemmia lias only one 
integument. Seed with endosperm and perisperm. 
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c Herbs or shrubs, sometimes Hanes, rarely trees, with more 

than one ring of vascular bundles in the stem. 

Widely distributed in the tropics of both heiiiispheres; a 
few species are extra-tropical. More than 1 300 species, mainly 
included in the two large genera Piper and Peperomia ; there 
are also seven small genera. 

The species of (over 700 in number) are generally 

i shrubs, often climbing, rarely trees or herbs, with scattered 

conspicuously nerved stipulate leaves and terminal spikes of 



Fici. 37. Pt/pernigriim. A. Shoot bearing spikes of fruit, x|-. B. Small r>ortioii 
of flower-spike shemng three flowers, x 4; 6, bract. C. Fruit in longi- 
tudinal section, x 4; e, embryo; n, endosiDerni; p, perisj^erm. ( After Baillou.) 

flowers which become pushed aside and leaf -opposed by the 
development of the axillary bud. , The species of Peperomia 
(over 600) are annual or perennial herbs, often fleshy, with 
■exstipulate leaves which are sometimes opposite or whorled; 
the spikes are terminal or axillary; sometimes, as in Piper, 
opposite the , leaves. In Mexico,’ Central ilni erica and on 
the mountains of South America, reaching an altitude of 
,13,000 feet above sea-level in the Andes of Peru and Bolivia, 
are a number of gedphilous species (i). These are; often less 
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than 2-5 cm. high and have a tuber formed from the swollen 
hypocotyl suggesting a miniature Cyclamen, or a short 
thickened rhizome. 

The naked flowers are often more or less sunk in the fleshy 
axis of the spike on which they are generally closely arranged, 
each in the axil of a bract, the form of which is very variable. 



Fia. 38. Pepcromia. A. Shoot bearing fiower-spikes of JP. ■pelliickla, x f . B. Por- 
tion of flower-spike of the same, x 8, C. Bract, 5, with flower, of P. hlmicla 
much eniargedo D. Same in longitudinal section. (0, D after Baillon.) 


The miniTber of stamens varieS: from one to teii^ but most of 
the flowers may be derived from a trimeroxis. type with two 
whorls,; each of three stamens, and a triGarpellary pistil, as 
occurs in Pvper: Anmlago ; in other species of Pifer the two 
posterior , members of the inner whorl are.. ■ absent,, or the 
whole iimer whorl. ' P: nignmi has: two, stamens only,.' the 
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posterior one of the inner whorl having also aborted (fig. 37, 
B), and this arrangement is constant in Peperomm, which 
may be regarded as a constantly reduced form. In Piper, 
section Ottonia, the flower is usually tetramerous. The number 
of carpels is indicated in Piper by the stigmas, two to four 
(or rarely five), which are sessile or borne on a short style. 
In Peperomia the stigma is simple (often brnsh-like) and 
frequently lateral. The one-celled ovary contains a single 
erect ovule springing from the base of the chamber with one 
{Peperomia) or two integuments. The small berry contains 
a large seed, at the top of _ which is a small embryo enclosed 
in a fleshy endosperm below which is a copious mealy peri- 
sperm. 



Pig. 39. Diagrammatic cross-sections of the stems of A, Piper nigrum; B, Feper- 
omia magnoUaefolia, shewing position of the vascular bundles. The iirk 
ring in A represents sclerenchyma, in B collenchyma. (After Eiigler. ) 


The internal anatomy is of exceptional interest. The stem 
contains, besides an outer ring of bundles, ■wliicli may become 
united to form a continuous ring' producing a sheath 'of 
secondary wood, also a number of internal bundles wliicli 
are scattered or arranged in one or two rings as seen in 
transverse section. In Peperomia the outer ring of bundles 
does not become united and the general arrangement in trans- 
verse section recalls that of a monocotyledon (fig. 39, B)— the 
bundles are, however, open. ■ In the fleshy leaves of Peperomia 
a well developed acpieous tissue is formed below the upper 
epidermis. Resin- or oil-containing secretory sacs are generally 
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distributed, both in the epidermis and groimd-tissue ; to these 
is due the sharp aromatic taste of the fruits, leaves and roots 
of many species which are specially rich in these sacs. 

The genus which, as alread}^ noted, differs from 

Piper in’ the' constant reduction of the floral type, the presence of 
a single integument around the ovule, and an apparently reduced 
type of stem-structure, shews also a remarkable departure from 
the normal course in the development of the female gametopliyte. 
The usual polarity in the embr^m-sac is absent. ^ The first four 
nuclei produced are large and arranged tetraliedrally ; from these 
16 parietal nuclei are formed, one of which at the mioropylar end 
forms the egg, an adjoining one functions as a s^mergid, eight of 
the remaining niiolei unite after fertilisation to form the primary 
endosperm-nucleus, and the remaining six preserve their parietal 
position and are finally cut off by walls and do not in any way 
suggest antipodal cells. Campbell (2) regards this as a primitive 
state, and points out the strildng similarity with Gnetum amongst 
Gymnosperms. Johnson (3), however, infers from the result of his 
investigation of the development in Piper and Heclceria^ in wliich 
the embryo-sac contents are normal, that the coinse of events in 
Peperomia is S23ecialised rather than j)rimitive, a view which finds 
support in the indications of reduction in floral and stem-structure. 
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The small family Saijeueaceae differs from Piperaceae in the 
structure of the pistil which contains three or four free or united 
carpels; the two or more orthotro|)ous ovules are borne on the 
edges of the car|)els or, when these are united, on the parietal 
placentas. The stem-structure differs in having the bundles 
arranged in one ring. There are three genera : Ewururus, with one 
species in Eastern Asia and one in Atlantic North America; and 
two monot 3 ?pic genera, (Himalaya to Japan)' and 

(California). 

Chloeanthaceae is a small family of tropical and subtropical 
herbs, shrubs or trees with opposite simple stij>ulate leaves and 
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spikes or cymes of small mconsi3icuoiis flowers^ wliicli are bisexual 
or unisexual and have sometimes a rudimentary periaiitli. The ' 
stamen is solitary or there _ are three which are united with each 
other and wdth the ovary. The ovary consists of a single carpel 
with one orthotropous ovule hanging from the apex of the chamber . 
The fruit is drupaceous; the seed contains a large amount of 
fleshy oily endosperm and a small embryo at the top. The 
vascular bundles are arranged in a single ring in the transverse 
section of the stem. 

Order 13. CENTR08PEBMAE 

Flowers bisexual or unisexual by reduction, regular, 
generally peiitameroiis. Perianth simple or in two sesries, 
the inner of which is petaloid. Stamens in one or two series, 
rarely many, hypogynous or sometimes perigynous* Carpels 
one to five, rarely more, usually united and forming a one- 
celled, rarely several-celled, superior, rarely inferior, ovary, 
and containing 1 -qo campylotropous, more rarely anatropous, 
ovules with generally two integuments. Pollination anenio- 
philous or entomophiloiis. Fruit generally a capsule or nut, 
rarely baccate. Embryo large, curved round the peiisperm.. 

Generally herbs with simple, usually exstipulate, alter- 
nate or opposite leaves. Several families are characterised 
by abnormal stem-structure. 

The order has also been caM^Curvembryeae from its 
characteristic curved embryo. l^TOurved (campylotropous) 
ovule frequently becomes a kidney-shaped seed round the w^all 
of which lies the embryo enclosing the peiusperm; the endo- 
sperm is absorbed by the embryo during development. The 
seeds are solitary or numerous according as the ovary con- 
tains one or many ovules. When solitary the ovule springs 
from the base of the ovary; when numerous, the ovules are 
borne on a central axile placenta which is generally free, 
being formed from the inner (ventral) portions of the carpels 
wdiich have become separated ' from the ■ outer (dorsal) 
portions by the disappearance of the partition walls. Some- 
times, as in Viscaria and Silene, the septa are present in the 
lower part of the ovary. 

The families form a very natural association, combining with 
remarkably' uniform characters . of placenta, ovule' and embryo, 
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great diversity in the differentiation of the florai envelope and 
androecium. The moiiochlamydeous_ type__of represented 

by Chenopodiaoeae And Amarantaceae ^ stamens are Yii' one 

series 'and the one-celled generally a single ba^l 

o'vnle. WTthTirtliese limits ^Chenopodiaceae shews remarkable 
di\'ersit 3 " in the form of the perianth and the degree of niiioii^of 
its parts, and in the form of the ovary and the means adopted for 
distribution ol the one-seedecl fruit* 

The small fainil;^". Ph^Aolaccaceae^she^^^ in the 

plaiTof structure of the flower, including genera (e.g. JZ/crofc^^yii 
which the ground-plan is identical with that of Clienopodiaceae 
and Amarantaceae, but also diclilamydeous forms {Limeum) and 
forms in which a multiplication of stamens and carpels has taken 
place. This diversity has led to the suggestion^ that the other 
families of the order may have originated from Phytolaccaceae by 
develo23nient along different lines. On tliis view Chenopodiaceae 
and Amarantaceae represent a variation on the simple type of 
flower. From the t^-^ie with two staminal whorls and two whorls 
of carpels the families with more highly developed flowers have 
been derived (see diagram). Disappearance of the inner whorl of 
stamens and a whorl of carpels, accompanied by reduction in the 
pistil, give the ground-plan of the flower of Nyctaghiaceae in 
which the perianth has become petaioid; a similar origin may be 
claimed for the simpler floral types of Aizoaceae (e.g. Semvmm, 
Mollugo), while the more elaborate Mesembryantliemum> type arises 
from a spiittmg of the staminal whorl to form series of petaioid 
structures and stamens. 

The florai type of PortiA&cAceae may be derived from the same 
source by disappearance of the inner whorl of carpels and the 
approximation of a pair of bracteoles to the flower to form the 
dimerous calyx. 

The typically 5-whorled flower of Garyophyliaceae represents 
a further elaboration and the alternative positions of the five 
carpels, noted in the description of the famil}-, may be explained 
by the disappearance of one or other of the two whorls w'Mch 
existed in the P%tolacca-iike ancestor. 

The following diagram illustrates this view of the origin of the 
various families : 

Garyophyliaceae 

Amarantaceae | Aizoaceae 

y — Phytolaccaceae — 

Chenopodiaceae | , N^^'ctaginaceae 

Fortulacaceae 

^ SeePasm' EngIeraadPrantl, 'Pj?a?ig:e?2/a3?nl'iew, in, 15, 68. . 
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The order is of interest as indicating a passage from the iiiono- 
eiilamydeous to the dichiamydeous type of flower, whether we 
take the view explained above that this passage had already 
occurred in the parent family, and that the families as we now 
know tlieni re|)resent a segregation and further development of 
the t^rpes already laid down, or whether we assume that the 
families with the simpler type of flower represent the earlier forms* 
The simjAer forms shew a similar plan of floral structure to the 
Urticales, while the more elaborate are typically dicMamydeoiis, 
reaching in the subfamil}^ Silenoideae of Caiyopiiyllaceae an 
advanced stage of differentiation in relation to the tra,.iisference 
of pollen by means of insects. 

Family I. CHENOPODIACEAE 

Flowers monochlamvdeou s. bisexu al or unisexua l Periant li 
5- to 2~m erou s. Stam ens equa l to or fewer, than., ... and ojoposjle 
the perianth "leaves. Carpels_ ova ry mii" 

locular with one J)asal ovule. Frui t a utric le or nut s urr o unded 
by the persistent poerianth. 

so.melimes..s.himhs,,jwiM. simple 

alternate leayes and small incoiispiciious .flow^y^^ 

Genera 75; species 500. Cosmopolitan. 

The plants are annual or perennial herbs, sometimes shrubs, 
very rarely forming^ small as the Saxaul {Haloxylm 

Ammodendron), which, withits thick stunted triiniE, and tuftsof 
apparently leafless branches, forms a striking feature 
of the Central Asiatic steppes, sometimes reaching 20 feet in 
height. They are salt-loving plants (halopli ytes ) , the greater 
number of species occurring n ear th e spa as Salt-wcij) {Salsola 
Kali), in salt marshes as Samphire (Salicornia Jierbacea), ox in 
steppes and deserts which, once covered by the sea, have now 
a >soil strongly impregnated with salt. For the same reason 
our common species ol Ohmopodium and Atnplex gTOw nom 
dwellings and in cultivated soil, quickly covering soil which 
lias become enriched in mineral salts by the decomposition 
of refuse or manure-heaps. The various forms of growth, as 
iveli as several characteristic peculiarities' in structure', bear 
.a close relation to the halophilous habit, and shew a strikin g 
similarity to desert forms (xerophytes ), the functions ol 


water-st orage and ohmkmR-M transpiratio n giving tlie key 
to the characteristic habit and -striictiire. Cove rings of hairs 
are frequent and their different forms may help to distingiifsli, 
genera and smaller groups. Such are the mealy hairs of ii ianv 
species of G hen opodimi, Atriplex and Salsola, which consist 

of a stalk bearing l ai^e thi n-jwalle d end -cel ls fiilL of c lear 

TOtery s^. The terminal bladders easily collapse and form 
”tlie" peculiar mealy covering. They are a means of storing 
water and lose their contents when the organ on which they 
are borne reaches a certain age. In some species of Atriplex 
which have to endure prolonged periods of drought, the 
closely packed hairs with their end-cells tensely filled with 
water form, during the rainy period, a glass-like covering. 
In the succeeding dry period their watery contents are gradu- 
ally used up, the turgid cells collapse and the hairs become 
matted into a dense felt which forms an excellent check to 
loss of water from the young assimilating portions of the 
plant. ■ 

Our native species of Glienopodium and AtripUx have more 
or less hastate-triangular or rhomboid leaf -blades, but the 
great majority of members of the family have a much reduced 
leaf -surface, narrowly linear and cylindrical or semicylindiical 
in section. Examples are found in Britain in 8%aeda and 
iSafeok, while in SgMcornia (fig. 42) the succulent jointed 
stems are apparently leafless, each internode ending in a 
narrow cup -like ring which embraces the base of the one 
above. 

Recent work by E. de Frame (i) confirms the theory put forward 
by Duval-Jouve in 1868 that the succulent outer cortex of the 
stem- joints is foliar in origin, and derived from a basal develop- 
ment of the eiip-like leaf-sheath of the pair of leaves at the node 
above. This view is supported by the study of the development 
of the shoot behind the apex, of the anatomy and the course of 
the vascular bundles, and by the fact that the cortex separates at 
the end of the season in a manner analogous to that of leaf-fall. 

The most general means for ensuring a water-supply to the 
green assimilating cells is a system of water-storing tissue, con- 
sisting of large colourless ceils fiUed with water holding sodium 
chloride and other mineral salts in solution,' and also frequently ■ 
containing crystals of calcium oxalate. In dorsiventrai leaves the 
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water-storing ells occupy the upper and lower, faces of the leaf, 
the green palisade layers coming' between, or the latter are asso- 
ciated with the veins, the aqueous tissue forming the remainder of 
the niesophyll. In concentric leaves the great bulk consists of 
aci'iieous tissue, the green assimilating ceils forming an outer ring 
beneath the epidermis. 

A. F. W. Scliimper shewed the reason for this similarity between 
iiaiopiiytes and xerophjdes. Plants absorb water 'with difficulty 
•when solutions of high concentration are supplied to the roots, and 
concentrated solutions also hinder assimilation in the green cells. 
Halophytes, therefore, take up as little as possible of the sokitioiis 
presented to them in the soil, in order that nutrition may not be- 
prejudiced by an excess of salt in the tissues. Hence the necessity 
of checking transpiration, for which similar means have been, 
adopted to those in xerophytic plants. 


The _siiiaU__^ flowery are usually uihted^ into small dense 


cyniose inflorescences, which, beginning as dichasia, pass 
into unilateral cymes (fig. 40, A), or are uniparoiis from 
tha. fir^. The flowers are bisexual or unisexual, and, 
except in Beta, hypogynous. The most complete type of 
flower conforms to the formula P5, A5, G2-3; other forms 
may be regarded as derived from this. There is no indication 
of a second periantli-wffiorl, or of antepetalous stamens, the 


five stamens being opposite the perianth-leaves, which are 
more or less united with one another; the degree of union 
varies from an almost free condition to complete union, 
forming a pitcher- or funnel-shaped perianth. The number of 
perianth -leaves and stamens is very variable, even in the 
same genus, and even on the same plant. Thus, of our eleven 
'British species of Ghenopodiiim, seven have a pentamerous 
perianth and androecium, in three species the lateral flowmrs 
of each cluster are usually 2- to 4-meroiis and the terminal 
5-merous, while the flowers .of C. Bonms-Henricus are de- 
scribed as all 5-nierous or the lateral 2- to 3-androiis. Atriplex 
has unisexual flowers (bisexual are also sometimes present), 
of which the male are 3- to 5-nierous, while the female have 
only two perianth -leaves'- or are naked but have a pair of 
lateral bracteoles. SaUoornia (fig. 42), ’with bisex'ual flowers, 
has a 3- to d-lobed or truncate perianth sunk in the- spike, 
and one rarely, two stamens. 
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FLOWERING FLAJNTS 


The perianth-leaves are usually similar, but sometimes 
differ in size and structure, as for instance in Halomiemum 
where there are three, two opposite and hooded, the odd one 
slightly concave ; in Corisjtermum the hinder leaf is much 
larger and toothed, in Alexmidra (Central Asia) the two lateral 
leaves are boat-shaped with a broad wing-like keel, the 
remaining three flat and without an appendage. In con- 




Fia. 40. A. Plan of inflorescence of Ghetto podium cdbum; 1, central flower of 
dichasium springing from axil of main bract, b; 2, lateral flowers in axils of 
bracteoles a and the branches of the secondary axes pass into unilateral 
cymes. B. Longitudinal section of flower of G. Bofms-Henrkus. C. Seed of 
same in vertical section. B, C enlarged. (A after Eicliler; B, G after Bailloii.) 

sistence they are either green and herbaceous as in Beta, 
Clienopodium, Atriplex, 8%iaeda emA genera allied to these, or 
hyaline, forming a thin delicate membrane, as in Corisper- 
mmn, Salicornia, Salsola (fig. 43) and allied genera. They are 
persistent in the fruiting stage, sometimes developing to form 
means of distribution, for the "-enclosed fruit, such as wings, 
spines or a fleshy covering- simulating a berry. 
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The stamens are free or united at the base, and attached 
to the floral axis, to the base- of the perianth -leaves, or to a 
disc which sometimes forms ' small outgrowths ' between the 
stamens (fig. 41, C); these outgrowths have been erroneously- 
regarded as representing .an inner whorl of staminodes. The 
narrow subulate filament is attached to the back of the anther 
■which is four-celled and opens by a pair of longitudinal slits 
which are lateral or turn inwards. Before the flower opens 
the anthers are bent inwards. The pollen is spherical with 



Fig, 41. IMa vulgaris. A. Flower in the first or stamiiiate stage. B. Flo'wer in 
the later or j^istiliate stage; the withering filaments from which the 
anthers have fallen. C. Longitudinal section through a flower-hud, shewing 
the arrangement of the parts; 6, subtending bract; d, glaiidular disc. I>. A. 
cluster of fruits. E. Seed in vertical section. Ail enlarged. (D after Bailloii; 
the rest after Volkens. ) 

iiiimeroiis roundish pores. The unilocular ovary varies 
widely in form and is usually drawn out at the apex into a 
style -which bears two, sometimes three or four, very rarely 
live, filiform or sometimes broad and fl.at stigmas. The posi- 
tion of the campylotropoiis ovule varies greatly according 
to the length and form of the funicle, from pendulous to 
transverse; the funicle springs from the base of the ovary 
except in Beta where it is attached laterally (-fig. 41, C). 
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But little is kiiown as to poliinatiou. ^’olko^ls(2) points out 
various facts vv-liich indicate that wind can only ho of subordinate 
significance. Such are the comparatively heavy pollen, the 
absence of slender flexible stamens, and the gradual o])ening of 
the individual flowers, as well as of the flowers of the inflorescence 
taken collectively, one of the characteristics of itneinophily being 
the simultaneous opening of a large number of flowers. Cross- 
pollination is favoured by the frequence of dieliny, and. in bi- 
sexual flowers, of dicliogainy, both proterandry. as in SaJicornia 
Jterbacea and Beta mdgaris (fig. 41, A, B), and proterogjmy as in 
many species of Clmiopoihm. 



Fig. 42. SaMcornki ambigiia. A. Portion of stem anti braiieh. B. Portion of 
stem in flower. C. Small portion of B cut lenjithwist*, shewing a flower 
enclosed in the perianth and another periantli empty, i). Fruit cut length- 
wise; c, cotyledons; r, radicle. E. Seed. {Fnmi Flor. t/am,.) 


The one-seeded fruit is iiidehiscent or opens before or 
during germination by a transverse lid, as in Beta (fig. 41, D). 
The pericarp is membranous, crustaceous, or leathery, rarely 
stony or fleshy, and occasionally adnate to the seed-coat. It 
is generally ' more, or less completely enveloped bj?- the per- 
sistent perianth. The means of distribution of the fruit are 
very varied. , Berry-like .fruits" are formed , by ' the .pericarp 
or floral,, envelope , becoming fleshy. .Distribution ,by clinging 
to the coats of animals is favoured by development of thorns 
on one, or , more , of the perianth -leaves, or the, .eiivelop.iiig 
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bracteoles become simple or branched thorns as in Spinmia 
oleracea (Spinach). x4daptations for distribution by wind 
occur in the development of hairs on bracteolesor perianth ; or 
wings of very varied form are developed on the fruit itself 
or on the perianth (fig. 43, C) or bracteoles; or the pericarp, 
floral envelope, or bracteoles become light and spongy. In 
Beta the fruits, which are sunk in the fleshy floral axis, become 
coherent by the enlarged hardened bases of the sepals. 

The form of the seed is governed by that of the ovule, 
and is lens- or kidney-shaped, horizontal or vertical, with 
a superior, lateral or inferior micropyle; the testa is horny, 
leathery or membranous, and smooth or granulate. 



section througli base of flower shewing axTangement of parts in a liorizoiital 
plane; a, axis on which the flower stands in the axil of the bract b ; bract- 
eoles; ])erianth; s, stamens; d, lobe of disc, alternating with the stamens; 
in tlie centre is the ovary containing the ovule; x5. (1 Fruit sniTOiiiidecl 
by the })ersi.stent perianth-segments (three are shewn) from the back of 
which a membranous wing has developed, x 5. I). Embryo, x 8. (jXfter 

’\'oikeiis.) 

The charaet'er of the embryo has been used for the separation 
of the family into two sections. In the larger, Cydolobme, the seed 
contains a curved , embryo surrounding a floury perisperiii ; this 
includes Chenopodmin (fi.g. 40), Beta 41), Atriplex and others, 
iilm Salicornia (fig. 42, D) in which there is’ little or no perispenii. 
Balsola, Suaeda aaid allied genera constitute a smaller section 
(>S^9irofo6eae) hi which the embryo is' roiled, up spirally and almost 
completely ,fi.lls the seed (fig., 43, D). ’ 
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Biiiiga recognised the following main areas of distribution : the 
Australian low-lying salt plains; the South American pampas; 
the North i^merican prairies; the coast-land of the Mediterranean; 
the South African Karroo; the Red Sea basin; the south-west 
shores of the Caspian; the Central Asiatic basin; and the salt- 
steppes of Eastern Asia, 

The most important economic plant is the Beet {Beta indgaris), 
owing to its tendency, common to several plants of the f with 
herbaceous roots, to swell under cultivation by increase of the 
pareneliyinatous elements. The Beet also supplies a good .illustration 
of an anatomical peculiarity which is very general in the family, 
namely the formation of short-lived concentric rings of cambium, the 
new one appearing in the cortex just outside the circle of bundles 
produced by the last. The varieties include the Sugar-beet, and 
the Mangold. Spinacia oleracea is Spinach. In steppe and desert 
country the members of the family serve as fodder-plants, as 
for instance the Australian Salt-bushes (species of Atriplex, Kocliia 
and Ehagodia). Species of CJienopodium are cultivated as pot-herbs 
(e.g. G, Bowus-Henricus and others), or as grain on account of 
the meai}^ perisperm, as the South American G, Quinoa. 

REFERENCES 

(1) Fraine, E. BE. ‘‘The anatomv of thegemis Journ. Limi, 

Soc. {Botanyl XLI, 317 ( 1913 ). 
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Family II. AMARANTAOEAE , 

( This family is scarcely separable from Clienopodiaceae 
vitli which it was united by the French botanist Bailloii. It 
liffers in having the perianth dry, membranous and often 
white or coloured, not green and herbaceous as generally in, 
Chenopodiaceae. The plants are herbs or shrubs with opposite ' 
or alternate simple generally entire exstipiilate leaves which 
are often' more or less thickly covered with hairs. As in 
Chenopodiaceae, ^the vascular bundles iiiAhestem are arranged 
in several concentric rings or more or less irregularly. The 
small flowers form inflorescences which are often dense and 
showy as in Foxtail {Amamntus), and Cockscomb (Celosm [ 
xristata) .where it is fasciated. . Each flo'wer has a pair of large 
■membranous persistent, bracteoles, which may be sterile, the 



AMABANTACEAE 


im 


inflorescence being a simple' or branched spike or raceme; or 
braiicMiig occurs in the axil of the bracteoles foriiiiiig 
dicliasia, which are borne on a simple or racemosely or 
cyinosely branched main axis. Frequently lateral flowers are 
aborted and their place is occupied by simple or branched 
prickles, or tufts of hair, w^hich^ persist till the fruit is ripe 
and serve as a means of distribution, the partial inflorescences 
becoming detached from the main axes, as in Cyathula. 



FiCJ . 44. Gelosiaargentea. A. Upper portion of plant with inflorescence. B. Flower 
mth bract and one bracteole. C. Flower with perianth partly removed. 
I). Ovary cut lengthwise. E. Fruit shewing dehiscence. F. Seed cut length- 
wise; c, cotyledons; r, radicle; e, perisperm. (From Flor. Jam.) 

The structure of the flower corresponds with that of 
ifchenopodiaceae. As a rule, a simple generally regular 5-merous 
perianth is follow^ed by an opposite whorl of five stamens, 

!' while a unilocular superior ovary with one, tw^o or three 
styles occupies the centre of the flow'er. The membranous 
perianth -leaves are free or more or less united; they may 
become w^oody at the base enclosing the fruit. They are often 
hairy; in species of the Australian genus Ptilotus the long' 
silky hairs form wdiid-floats.. The stamens are , generally 
united below into a membranous tube, which may bear 
simple, lobed or fringed, petaloid ■ outgrowths between eac'h 
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stamen (fig. 45, D). In the greater number of the genera each 
half of the anther is 2-celled, in a smaller number ultimately 
one-celled. The ovules, which are solitary except in Celosia 
(fig. 44, D) and a few allied genera, are campylotropous and 
borne, either pendulous or erect, on long or short funicles 
springing from the base of t;he ovary-chamber. 

The fruit is generally dry, either with a hard pericarp 
forming a one-seeded nutlet, or with a thin wall forming a 
utricle containing one (as in Achyrantlies) or more seeds, in 



Fig. 45. Acliyrmiilm indica. A. Upper xiart of plant with inflorescence. 
B. Flower with pungent bract and bracteoles. C. Flower with two perianth- 
segments removed. B. Portion of androecinni shewing t'wo stamens and 
three fimbriated outgrowths, E. Ovary shevdng the ovule. F. Utricle. 
G. Einbiyo. H. Seed in section. c‘, cotyledons; r, radicle; c, jierisperm. 
{¥mm Flor. J am.) 

the latter case dehiscing transversely (as in Celosia) or 
irregularly. In a few genera only it forms a one- or several- 
seeded berry. 

The seeds, which are generally lenticular, have a rough or 
polished testa; , the embryo lies' close.' to the seed-coat sur- 
rounding a central mass of mealy perisperm. 

The family, contains 50 genera with about „ 500 species 
distributed throughout the warmer parts of' the earth. The 
chief centres of distribution are tropical America and India* 


I 
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Several species are cultivated as ornamental plants , as Oehsm 
cristata (Cockscomb), Anmrantus (Foxtail), and GompJirena 
globosa. 

The family is subdivided into three tribes as follows: 

Oelosieae. Ovary with two to many ovules; aiither-liaives 
2-'Celled. Chief genus Celosia with 35 species. 

Amaranteae. Ovary with a single ovule; anther dial ves • 2- 
celled. Chief genera (45sj)ecies), Aemm (lOsji^scies), 

A chpmithes (15 S'peoies). ■ 

Gomphrenem, Oymj -with a single ovule;' antlier-halves 
ultimately 1 -celled. Chief genexd, Alterimnihera (70 species), 
Gomplirena (90 species), Iresine (20 species). 


Family III. NYCTAGINACEAE ' 

This family is well characterised'- by the petaloid tubular to 
funnel-shaped perianth, the lower portion of which persists, 
enveloping the fruit and simulating a pericarp (the whole is 
termed an anthocarp) ; the true fruit is an achene, the single erect 
seed containing a large, straight, curved or folded embryo wiiieli 
surrounds a iiieaCy perisperm.. The plants are herbs, shrubs as in 
AliraMluJalapa (Marvel of Peru, a well-known oriianieiital shrub), 
or trees. BotigainviUm spectabilis, Sb iiB;tive of Brazil, is a handsome 
climber often seen in greenhouses. Needle-like crystals of calcium 
oxalate (raphides) are very generally present, occurring even in 
the flower. The stem-structure is anomalous ; ' canibiuni is de- 
veloped outside the original ring of bundles from wdiich new closed 
bundles and intermediate tissue are produced; the bast in the new 
bundles is extremely rudimentary^. ■ 

The leaves are general^, opposite, those of each pair being often 
very unequal; thejr are simple and exstipulate. The inflorescence 
is cyiBOse and an important feature is the mode of developiiieiit of 
the uppermost bracts. In Mirabilis (tig. 46, A) the dichasiiiin has a 
tendency to ■ moiiochasial ■ development in the higiier branches ; 
each flower is stir rounded- at the base by 'an involucre, of tl\e 
sepal-like bracts. In Oxyhaphus (fig. 46, B) two- of the five iii- 
voliicral bracts are fertile so that there' are three fl'ow-ers, a terminal 
and two lateral in each involucre." In Bougaifivillea (fig. 46, ,C) 
there are three in volucral bracts, each subtending a flower with 
wMch it has become adnate below. Owing to absence of the terniiiial 

^ .See De Bary. “Comparative. Anatomy of Phanerogams and Perns” 
(English .Edition), 590 (.1884). , . ;■ - 
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flower there are again three flowers within each involucre, which 
is here large and petaloid. In Boerhamia and others the involucral 
leaves are reduced to teeth or scales. The perianth is folded in 

0 






Fig. 46. Diagrams of infloresceuce and flowers in A, Mimhilis; B, Oxyba-phus; 
G, Boiiguinvillea; involucre of bracts; a, |3, a\ (S', pairs of bracteoles. 
(After Eichler.) 


the bud ; in 3Iirabilis ■ it is . also^ . contorted as in the corolla of 
“'€onvolviilaceae. The'mtmber of stamens is very variable; in 
Mirdbilis JcilcqMthey are .equal in, number to the petals, but, there 
Ilia}?' ' be fewer or more (1-30). .The filaments are often inieqiiaL, 
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Fig. 47. Pisonia amdeata. A. Portion of male flowering branch, x f. Tlie tlionis 
in the leaf-axils are reduced branches. B. Male flower, x 5. 0. Female 

flower, X 3. I). Female flower with involucre and perianth cut lengthwise. 

E. Anthocarp, x 2. F. Anthocarp cut across, x 5. G. Embryo, c, cotyledons ; 
e, perisperm; r, radicle. (From Flor. Jam.) 



F’ig. 48. Mirabilis Jalapa. A. Flowering shoot. B. Lower ]oai‘t of ilower ia 
vertical section; 3, bract; p, perianth; st^ stamen; o, ovarj-. G. Anthocarp. 
B, Same in vertical section; within the crustaceous wall formed frosn tiie ];>er- 
sistent perianth-base and pericarp is seen the seed; c, cotyledons: r, radicle; 
e, perisperm. E. Embryo; c, outer cotyledon; r, radicle. ( From J<mt.) 
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The 'flowers are bisexual, or 'sometimes,, as in. Pisonia, niiiseximl 
by suppression' of stamens or pistil (fig. 47). The pistil consists 
of a single carpel; the free ovary bears a long simple style and 
contains a solitary basal ovule, the inierop^fle of which points to 
the bottom of the ovary (micropyle inferior). The persistent 
portion of the perianth enveloping the fruit becomes ieatlieiy, 
hardened or fleshy, and striated or ribbed, and is often a meaiivS 
of distribution by the development of mucilage or by glandular 
hairs, as in some species of Pisowia (flg. 47, E), or by hooks as in 
the Australian and Polynesian Plsonia grcmdis. In Bougamvilim 
the persistent bracteoles form wdnd-fioats. 

The seed has a thin hyaline testa or the seed-coat is completely 
adherent to the pericarp. The cotyledons are unequal, the inner 
being smaller than the enter. In Abronia the inner is almost 
aborted in the seed and remains small for some time after germina- 
tion, but in A. mnbellata ultimately becomes the larger and ieaf- 
like in appearance. 

There are about 20 genera, containing about 160 sjDecies, in the 
warmer parts of both, hemispheres, but especially in America. 


Family IV. PHYTOEACCACEAE 

A small family of about llo species in 24 genera, comprising 
herbs, shrubs (a few climbing) and trees, widely distributed in, 
tropical and temperate climates but found especiall^y in the rvarmer 
parts of America and in South Africa. The leaves are simple, 
entire, generally exstipulate, and glabrous. The inconspicuous 
flowers are arranged in raceinose or cymose inflorescences. The 
flowers, "which are bisexual or sometimes unisexual by reduction, 
have a simple regular perianth of four to five members which are 
free or united at the base, and persistent. The stamens and 
carpels vary widely in number, and variations occur in one and 
the same species. In the simplest case, the stamens form a single 
whorl the members of which alternate with (Rivina laevis) ot are 
opposite to {Microtea) the perianth-leaves (fig. 49, A, B), while a 
single carpel occupies the centre of the flower. Often there are 
two alternating whorls of stamens the number of which may be 
: increased by doubling in one or both whorls (see diagrams of Phyto- 
lacca demndra and P. icosa7idra, fig. 49). In Stegnos^^erma (a genus 
with one species in Central America and the West Indies) the outer 
whorl of, stamens is replaced, by a wdroii of fi,ve petals; the species 
of,, the African genus have the flowers apetalous, or "with 

small oiwreli-deveIope,d petals, follow^ed by generally seven stamens 
„and a bilocular. ovary. 
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A similar variation occurs in the pistil: there may be as iiiaiiy as 
10 carpels, and these are 'free or united; the ovary is superior, 
except in the nionotypic Mexican genus Agdestis where it is in- 
ferior. Each carpel bears a single style and contains a solitary 
ovule, ill the position of which there is again considerable variation. 
The form of the fruit varies widely. Where one carpel only is present 
it is iiidehiscent either forming a berry (Rivina, fig. 50) or having a 
leathei^y or dry pericarp. Where twm carpels are united in the 
flower the fruit is a schizoearp, the two one-seeded niericarps 
being often winged or thorny. When the carpels are iiiiineroiis the 



Fig. 49. Eloral diagrams of A, 3Iicrotea; B^Mkyina laevis; C^Phiftolmcaicosan^^ 

D, P. decandra. Bracts and bracteoles are indicated in A, B and C. (After 
Eichier.) 

fruit consists of an equal number of separate indehisceuit nutlets, 
or forms a iimltilociilar capsule each chamber splitting when ripe 
to set free the solitary seed. The small laterally compressed seeds 
are ienticuiar or kidney-shaped and contain a large embryo 
curved round the mealy or fatty perispemi. The testa is rarel.j^ 
smooth, generally wrinkled or wmrty or sometimes h,air 3 q a meiii- 
braiioiis aril is often present. InPliytolacca (fig. 51 ) the many -seeded 
fruit is ' at first berry -like, the pericarp ■ subsequeiiti}" becoming 
drier. P. decandra is often cultivated as an ornamental plant for 
its showy spike of deep-purple berries, which yfield a deep red dye 
used for colouring whiles, etc. . . ' ' 
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Family V. AIZOACEAE 
(FiGOiDEik-E of Bentham and Hooker) 

Flowers bisexual, typically monochlamydeoiis, cyclic. Peri- 
aiitli 4- to 5-iiieroiis. Stamens 5 (3) or oo, the outer members 
often forming several series of petaloid structures. Carpels 
2 toco ; ovarysiiperior or inferior, 2- to multi -locular; ovules 
aiiatropoiis or campylotropous. Capsule various. 

Herbs or uiidershriibs with filiform or fleshy leaves and 
cyinose flowers. 

Genera 18; species 600. 

The members of this family are found in dry clioiates in 
the warmer parts of the earth. They are herbs or low shrubs 
with simple opposite or alternate generally exstipulate leaves. 
The leaves are often succulent, and narrow, spatliulate, 
or rhombic in shape, containing layers of water-storing tissue 
betAveen the peripheral green assimilating layers. In many 
species of Mesembryanthemiim the epidermis has a granular 
coating of wa>x ; coAmrings of hairs of various forms are also 
frequently present, giving the plant a greyish-green appear- 
ance. The familiar Ice-plant (Jf. crystallimmi) OAres its 
crystalline look to a covering of bladder-like hairs wliicli 
serve as AA-ater-reservoirs enabling it to thrive in dry, sandy 
soil at the Cape, in South and West Australia, California, 
and throughout the Mediterranean region. In others the 
leaves are narrow and filiform, or sometimes reduced to 
scales, as in the Australian genus Macartlmria, recalling in 
their Broom-like habit Mediterranean species of Cytisus. The 
perennial species slieAV abnormal thickening, depending on 
the sliort-liA^ed activity of the cambium of the original ring 
of bundles and the successive production of iieAv rings outside 
the old. 

FloAAmrs are terminal (many species of MesembryarifkemMwt) 
or axillary {Tetragofiia)^ or form small cro'wded dicliasia 
passing in the higher branches into monochasia. In Tetra- 
gonia tAAV) floAver-biids may be arranged serially in one leaf- 
axil and a leaf -bud may also be present. 

The arraiigement of the parts of the floAA^ers slieAA^s con- 
siderable variation but may be derived from a simple type 
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containing three whorls, a perianth, staniinal and carpellary , as 
seeninjSesMJwmpewtowdrMTO (fig. 52, A). Thenumber of stamens 
maybe rednced as inMollugo verticillata, a very variable South 
American species (fig. 52, C). More often, however, splitting 
of the original five staminal rudiments occurs, producing a 
larger number of stamens (fig. 52, B) which are free or united 
in bundles, or monadelphous at the base. In many cases, as 



Big, 52. A. Moral diagram of Sesuvium jmnitmdmm, B. Floral diagram of 
S. Portulacastnmi, C. Floral diagram of Mollugo tmiicillat-a, D. Floral 
diagram of Mesembryanthemum violucmm. E. Transverse section through 
the ovary of the last species; w, ovary wall; primary septum; secondary 

septum. F, G, Longitudinal sections through the ovary of if. iriolaceum 
in three successive stages, shewing alteration in position of the placenta 
during development; young stamen. (After Eichler.) 

ill tlie showy' MeBembiyantliemiims, outer series of members 
resulting from this splitting become' petaloid, forming a 
>sho,wy corolla-like series (fig. 52, D). The superior or inferior 
pistil consists generally of three to five united carpels, wdth 
a corresponding number of ovary-chambers, in the inner angle 
of wiiicli are ' borne rows of anatropous to cainpylotropous 
■ovules. Tn some species of the placentas, 

originally axile, become, through uneq^ual growth of the ovary, 
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first basal and finally parietal (fig. 52, F, G, H), a more or 
less complete secondary or ''false'’ partition being also foimed 
between tlie parietal placenta and the central axis (fig. 52, 
E, The fruit is generally a leathery capsule with loculi- 
cidal dehiscence, but septicidal and transverse dehiscence also- 
occur* The capsule of Mesembryanthemum is hygroscopic, 
opening when wetted and spreading its valves star-wise ; the 
valves close again in the dry (fig. 53, C, D). In If. eduU the 



Eig. 53. Meseynhryanihemum. A. Flowering shoot of 31., blanclum. B. Flower 
of same in vertical section. G. A closed fruit. D. Fruit which has opened on 
exposure to moisture, E. Seed cut lengthwise, enlarged. (A, B after Bailloii; 
E after Le Maout and Decaisne.) 

fruit is fleshy and edible, the numerous seeds being embedded 
ill a s-weet, slightly acidulous pulp. Tetragonia has a iiut-like 
or drupaceous inclehiscent fruit containing several seeds. The 
seed contains a large embryo curved round a mealy perisperm. 

There are about 600 species, 400 of which belong to 
Mesembryanthmmm, and are. found chiefly in the dry sandy 
districts of South Africa but also in widely separated 
similar regions from Australia to California. South Africa 
is the chief centre of distribution of' the family, members 
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of which extend the range through tropical Africa to 
Arabia and the Mediterranean region. There is also a siiiall 
centre in West and South Australia, and a. few genera 
(e.g. Mollugo, Tetragonia) spread through the tropics of both 
hemispheres. Tetmgonia ewpansa, a widely distributed species 
(Japan, Australasia, Poljmesia, and extratropical S» America), 
is cultivated as a pot-herb and known as New Zealand Spinach. 



Pics. 64. Sesuuum Porliilacmtmm. A. Portion of plant in flo’v^^er, x f. B. Flower 
with part of perianth and some stamen^ removed, x 3, C. Capsule after 
dehiscence (circumsciss), x 3. B. Transverse section of lower portion of cap- 
sule, X 3. E. Seed in section, x 10; e, 3 >erisperni; c, cotyledons; r, radicle. 
(From Moi\ Jam.) 

The family is subdivided according to the character of the 
perianth and the relative position of the ovary. 

Subfamily Mollijgikoideae. Perianth-segments almost free. 
Petaloid staminodes generally absent. Ovarj^ superior. About 
7 genera with 60 species in the warmer parts of the world. 

Subfamily Piooideae. Perianth-segments uniting to form a longer 
or shorter tube. Includes the following tribes. 

, Ttih^ Sesuvieae. Ovary superior. .Capsule opening by a lid. 
,, Staminodes absent. Sesuvmm (fig. 54) . (five species), 
sea-shore plants on tropical and subtropical coasts. .Tri- 
, anthema, dbhout 12 species, ■' widely^ distributed,' chiefly, in 
the Old World tropics. 
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Tribe Aizoeae, Ovary inferior. Capsule loculicidaL Stami- 
nodes absent. Dry sandy or. stony places mainly in South 
Africa. Aizoon Mspanioum is a cbaracteristic species of 
til© Mediterranean region. 

Tribe Mesejiibryardliemme, Ovary inferior. Petaloid stanii- 
nodes absent in Tetragonia^ present and iiuiiierous in 
Mesembryanthemum forming showy whiter yellow or rose- 
colonred flowers suggesting Compositae. Species of Mmem- 
bryantlienmm are grown as ornanieiital plants; the fleshy 
■ rhombic leaves of some vSonth African species borne in 
pairs on the shoot resemble stones in appearance^. The 
stamens of some species are irritable, b6ndi,ng inwards when 
touched by bees or other insects. The fruits of M. acmaci- 
forme and ilf. edule are eaten in South Africa under the 
name Hottentot-figs. 31. edule has become iiatnraiised 
near the sea in the Isle of Wight, Cornwall and the Chaimei 
Islands. 

Aizoaceae resemble Phytolaccaceae in their ■ iiiorphoiogicaliy 
apetalous floirers, and, like them, have an anomalous stem- 
structure. They are distinguished by the typically syicarpoiis 
ovary wdth numerous ovules, the frequently tubular perianth and 
often opposite leaves. 

Family VI. PORTULACACEAE 

A small family of about 210 species in 17 genera, generally 
distributed in warm and temperate climates, especially on the 
Pacific side of the American continent. It comprises herbs or 
small shrubs with sncciilent leaves and scarious stipules {Clayfmiia 
is exstipulate). The flowers are generally small but sometimes 
show}?-. The most general type contains two sepals, situated 
anteroposteriorly, four to five petals, an equal number of ante- 
petalous stamens, and three carpels. Such for instance is Glaytonia 
perfoliata, a small succulent annual, a native of 'western North 
America, which is naturalised in many places in England. Montia, 
a cosmopolitan monotypic genus, and the onlyr true British 
representative of the family, differs in the suppression of the two 
anterior stamens. It is. a small glabrous annual with spathulate 
subopposite leaves and minute white flowers, growdng in wet and 
damp places. The. number of stamens may be increased, as in 
Portulma oleracea (Purslane). The superior ovary (half inferior in 
Portulaca) is unilocular, bears, a simple or three- or iiiore-branclied 

^ See MarIot.li, R. “Mimicry among plants.” Trans. S.A. Phil, Soc\ xv (1904) 
and XVI (1905). See also Marloth, Flora of Soiith Africa, i, 194, for an excellent 
illustrated account of the family in South Africa. 
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style and contains two to many cainpyiotropoiis ovules on a 
central basal placenta. Thefrnit is a capsnie dehiscing transversely, 
or by two or three valves. The compressed seeds contain an 
embryo coiled roniid a meal^^ perisperm. Portulaca gntndiflm'a is 
a favourite garden plant. 





Eigj. 55. Portulaca oleracea. A. ITppei' part of brancli bearing fiower-biids at 
apex, X B. Flower in section with base only of sepals and petals indi- 
cated, X 5. G. Fruit shewing transverse dehiscence, x 3. I). Seed in section, 
xl2; c, cotvledons; r, radicle; e, perisperm. E. Flora! diagram. (E after 
, Eichler.) '' 

Family VII._ CARYOPHYLLACEAE 

' Flowers generally bisexual, rarely nnisexiial bj^ xediiction, 
5“' or 4-merous, with calyx and corolla. Sepals free or united, 
sometimes scarions, persistent. Corolla rarely absent, often 
clawed. Sta-mens 8-10 in two whorls, or fewer, hygogyiioiis. 
Receptacle sometimes elongated between the corolla and 
stamens. Carpels five, often fewer, united to dorm a .one- 
celled or incompletely chambered ovary, 'with two to five 
styles free or united below; ovules. generally numerous, more 
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rarely few to solitary, on a basal or central placenta foriiiecl 
from the ventral portion of the carpels. Fruit a capsule 
opening apicallj?- by long or short valves, equal or double in 
number to the carpels ; rarely a berrj^ 

Herbs or undershrubs with entire, generally narrow, oppo- 
site, rarely alternate leaves; stix3iiles soinetiines present. 
Inflorescence cymose, generally many -flowered; more rarely 
flowers solitary. 

Genera 70; species about 1450; mostly in the temperate- 
regions of the northern hemisphere, but also in the southern 
hemisphere and a few in the mountains of the tropics. 

A family common in Britain where the members are easily 
distinguished by the herbaceous, stem with swollen nodes and 

opposite leaves, the cymose inflorescence, the white or pink 

flowers with their parts in fives (excepting the reduction to' 
three or two which often occurs in the pistil and rarely in the 
androecium),and the characters of the pistil, seed and embryo 
already indicated for the order. 

The family as a whole is one of annual or perennial herbs, 
sometimes woody below, or in the warmer parts of the world 
with even a bushy growth. The leaves are simple, entire, 
sessile and generally exstipulate; the pairs decussate. One 
leaf of a pair is formed earlier than the other and bears in its 
axil a more vigorous bud, which is often the only one to 
develop a branch. 

The inflorescence is always definite, the main axis ending 
in a flow^er. Occasionally the flower is solitary as in Corn 
Cockle {Githago segetum). Generally, however, a dicliasium 
is formed, a branch being borne in the axil of each of the 
bracteoles of the main axis. In the ultimate branches the 
dichasia pass into scorpioid cymes. 

In the most complete type of flower there are five whorls 
with five members in each, namely five sepals, five petals, 
two pentamerous whorls of stamens .and, crowning the floral 
axis, five carpels forming a compound ovary in. which the 
number of , members is indicated by the five styles, the five 
double-rows of ovules on the central placenta, and sometimes 
also 'by the five partition walls remaining in the lower part 
of the ovary (fig. fifij J)* 
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The flower is apparently obdiplostemoiioiis; when viewed 
iroiii above the anthers of the outermost whorl are seen to 
be opposite the petals, not alternate with them. Study of the 
floral development, however, shew^s that the antepetaloiis 
stamens arise in regular order, after the aiitesepalons. Also 
that the insertion of the filaments is normal and that the 
vascular bundles which pass into the aiitesepalous stamens 
from the floral axis stand in the latter outside those passing 
into the antepetaloiis. Obdiplostemony is therefore not real 
but only apparent and due to the mechanical pushing oiit» 
wards of the upper portions of the stamens of the actualty 
inner whorl. 

Another difficulty which is not so readily explained arises 
from the fact that the carpels (as judged from the position 
of the styles which are in the same line as the midrib of the 
carpellary leaf) are sometimes opposite the sepals as in 
Firearm or Spergida (fig. 56, G, J), sometimes opposite the 
petals as in Githago. It has been assumed that this variation 
arises from the fact that in the tj^pically complete fioiver, 
the pistil, like the androecium, consists of two whorls, but one 
is always absent, in Viscaria theantepetalous whorl, in Githago 
the antesepalous. 

The ovules are borne on a central placenta which is well 
developed in the Silenoideae where its relation to the carpels 
is indicated by the occasional presence of septa in the lower 
part of the ovary corresponding in number to the carpels; 
and also by the presence of corresponding lines between the 
double rows of ovules. In the Alsinoideae the placenta is 
often much shortened, becoming basilar; where the ovule is 
solitary it is attached to a longer or shorter funicle springing 
from the base of the ovary -chamber (fig. 56, A). 

The flowers shew a considerable range of complexity, and 
may be derived either by elaboration or reduction from a 
type such as occurs in Oerastium or Spergida — a simple open 
flower with five regular alternating whorls represented by the 
formula 85, P5,, A5 + 5,,G5 (fig. -56, G). ‘In this connection 

the family falls into two subfamilies, Alsinoideae, with the 

simpler or. a reduced fiype; of flower, aiid.'Slenoideae''with ,a 
higher, type ■elaborated in association with a niore, specialised 
entomopMly and characterised by a tubular development of 
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the calyx, stalked, often coloured.petals, and frequently by* 
presence of an iiitemode above the calyx. 



Fig. o6. A. Flower of Corrigiola liUoralis in vertical section. B. Flower of 
LyaUia; ?>, bracteoies. C. Flower of Silene nutans in vertical section. 13. Fruit 
of same in vertical section. E. Fruit of Ouctthalm. F. Floral diagram of 
Paronychia. G. Floral. diagram of Spergula arvensis, H’. Floral diagram of 

I. Floral diagram of malid. 

J. 13icliasium. of Viscaria vulgaris. The position of the styles isitidicatcHl by 
the dots on the outer wall of the oAmry in the floral diagrams. (A after 
Baillon ; B after Hooker; C, 33 after AVettsteiii ; F~J after Eichler. ) 

■' Subfamily , Alsinoideae. - Flowers ■ mtli free sepals, , petals 
of simple form or absent,, stamens sometimes perigynoiis, 
styles, free or united. An example of the most complete type 
is the flower of Spergula arvensis (fig. 56, G), a small open flower 
with .simple white petals succeeded by two whorls of, stamens 
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(of wliicli sometimes only one is developed) and five carpels* 
Sacjina Bhews a similar structure but the parts of the flower 
are often in fours (fig. 56, H). In Sagina apetcda the petals 
are minute or absent. Oerastimn has notched petals and in 
0, semideccmdrum the inner whorl of stamens is usually sup- 
pressed. In Stellaria (figs. 56, 1, 57) the flower is usually 5-, 
rarely 4-merdus, but the carpels are reduced to three. Con- 
siderable variation occurs in one and the same species. The 
common Chickweed [Stellaria media, fig. 57) is a most variable 



Fia. 57. Stdhria ^nedia. A. Branch with flowers. B, Blower, x 4. G. Capsule 
open, x4; five of the six teeth are seen. B. Seed cut lengthwise, x20; 
c, cotyledons; e, perisperm; r, radicle. (From Flor. Jam.) 

plant. The flower may have the formula S5, P5, A5 + 5, 63, or 
the antepetalous stamens may be absent (S5, P5, A6, 63) and 
also some (rarely all) of the antesepalous stamens, a common 
formula being S5, P5, A3, 63. The petals, which are more or 
less deeply divided, are shorter than the sepals and soiiietimes 
altogether absent. In these genera the stamens are often 
slightly perigynous. The many-ovuled one-oelled ovary 
becomes a capsular niany-seedediruit opening by teeth which 
are generally twice the number of the carpels (fig. 57, C). Other 
genera are Hohstetmi, Mimmrtia [A Isine), Arenaria and others ; 
these differ in thenumber of the styles (three or four), the entire 
or notched form of the petals, and the number of valves in 
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the capsule, Spergula (Spurrey) B,n.d Sperg-iilaria, which differ 
in having small scarious stipules at the base of the leaves, are 
separated as the tribe Sperguleae from the typical Alsinsae 
(to which the other genera above-mentioned belong). 

Polycarpon and allied genera differ in having the styles 
united below, and form a distinct tribe, Polycarpeae, Many 
of them are tropical and subtropical species and natives of 
the southern hemisphere. Pycnophyllum, a native of the 
South American Andes, growing near the snow-line, has a 
caespitose habit with short slender steins closely covered 
with narrow scale-like leaves suggesting Lycopodmm. LyalUa, 
a genus -with a single species in Kerguelen Island, forms a 
dense cushion of stout dichotomously branched stems closely 
covered with small leaves. The flowers in the Polycarpeae 
are reduced; the petals are often absent and the stamens 
reduced in number— has an apetalous flower with 
three stamens (fig. 56, B) ; the ovary contains a few ovules 
and the fruit is a one-seeded capsule. 

These reduced forms suggest the passage to the tribes 
Parojiychieae and Sclerantheae, small sand- and steppe-plants 
with inconspicuous flowers, generally arranged in small 
dichasia. The corolla is small or absent, the antepetaloiis 
stamens are wanting or represented by small scales, the 
receptacle is often strongly perigynous, the ovary contains 
only one ovule (or very fe\v) and the fruit is a one-seeded nut. 
Membranous stipules are generally present as in Corrigiola, 
Paro7iycIiia, Herniaria and Illecebrimi forming the tribe 
ParonycMeae^ or absent as in ScUrantlms (tribe Sderantheae). 

Subfamily Sileii^oideae. The sepals are united into a tube, 
the petals are often coloured (red) and are differentiated into 
a stalk and limb; at the junction of stalk and limb, or the 
throat of the corolla, there is often an outgrowth, or ligule, 
forming the corona of the flower,; it is present in Dmtflms 
(Pink), many species of Silene (Catchfly), and Lychnis 

(Campion), absent in Githago and An internode 

is frequently developed above the calyx oil' which petals, 
stamens and pistil are carried up (fig. 56, C). ■ The flower is 
5-merous, with two whorls of stamens. : The styles are free, 
and indicate the number of the carpels, generally five in 
Lychnis ythme in. Silem, and twodn DiantM>s^^ m\& 8apo7imna. 
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(Soap wort). Tlie ovary is sometimes cliaiiiberecl at the base 
by septa (fig. 56, J) representing the lateral walls of the carpels 
these disappear above. The fruit is a capsule opening by teeth 
the iiiiiiiber of which is generally double that of the carpels. 
Cumibalus has berry-like fruits -which do not open (fig. 56, E) ; 
this genus contains a single species, G. baccifems, the range 
of which extends from central Europe to Japan and which 
formerly occurred as an introduced plant ' in the Isle of 
Dogs. 

Associated with the different degrees of elaboration in the flower 
are differences in their relation to insect-visitors and the mamier 
of pollination. The simpler, more open flowers of Alsinoideae 
■\\flth easily accessible nectaries at the base of the outer 
.stamens invite short-lipped flies or bees, and such visits are 
efficacious in the transport of pollen from one flower to another. 
On the other hand, when the nectar is concealed at the bottom of 
a deep tube, as in the Silenoideae, only the visits of insects with a 
long punboscis, such as the larger bees, moths or butterflies, are 
effectual in cross-pollination. Such visitors are more especiallj^ 
catered for by the strong sweet scent, often, as when night-fl^dng 
moths are invited, emitted only at night, by the larger white or 
brightly coloured corolla, and by the fine markings (honey-guides) 
round the entrance of the tube; characters which are generally 
associated with the visits of Lepidoptera. The inconspicuous 
flowers of the Pa/ronychieae, in wdiich nectar when present is easily 
accessible, attract only minute short-lipped insects. 

The chances of cross-pollination are frequently increased by 
dichogamy in the form of proterandry, rarely of pnoterogyny. For 
instance, in Cerastium arvense, there are three stages in the history 
of the mature flow^er. In the first the anthers of the outer whorl 
of stamens dehisce and are covered with pollen, while those of the 
inner whorl are not yet full-grown, and the styles are curled in- 
wards, hiding their stigmatic surfaces. In the second stage the 
outer whorl of anthers becomes bent out of the way, and the now 
frflly-deveioped and dehiscing imier Avhorl occupies its place. In 
the third the stigmas, which in the second stage still kept their 
papillar surfaces turned inward towards each other, are spread 
out above the withered stamens, turning their receptive surfaces 
... upward;. As, however, in this movement the ends. of the stigmas 
hften' ooiii,e in contact with the imier anthers still bearing their 
.pollen, self-pollination is ensured, if .cross-pollination fails.' ■ 

In SteUaria mediarthe flowers, appearing as they do at all times 
of the year except in severe frost, are for a, great period shut off 
.from insect- visits,' and' depend, .largely on .■ seif -pollination ; ' the 
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iimiiber of abortive >stamens is greater the colder tlie time of year* 
The fertile stamens, especialij?’ when the iiiiiiiber lias been reduced 
to three, mature in slow succession; the stigmas follow so closely 
that they expand fully while the second and third stamens dehisce, 
and in absence of insects regularly pollinate themselves by contact 
with the anthers. 

It has been observed that most of the distinctly proteraiidrons 
Aisinoideae are also gTOodioecious, plants with siiiall pistillate 
lowers being found in bloom chiefiy at the beginning of the flowermg 
period of the larger-flow*ered bisexual plants. The stamiiiate 
condition of the bisexual plants is thus counterbalanced by the 
presence of the subsidiary female plants. 

The seeds are generally more or less flattened , sometimes 
laterally and then attached by the edge, sometimes^ as in 
Dianihus^ dorsally, when the hiliim is on the ven.tral surface. 
Dianthus is exceptional in having the embryo straight and 
surrounded by the mealy perisperm, and not, as is usual, 
curved round the outside of the latter. 

The family is a very widely distributed one, reaching from the 
arctic through the temperate and tro|)iGal zones to the antarctic. 
Aisinoideae have a more general distribution than the more 
specialised Silenoideae, wdiich are, for instance, absent from 
Australia; Silenoideae are most frequent in the north -temperate 
zone, where the Mediterranean region may be regarded as their 
centre of distribution, containing a large number of species and 
several characteristic endemic genera. Silene and Dianthus, 
both British genera, are widely distributed. By far the greater 
number of species are Mediterranean, but the former occurs on 
the mountains of tropical Africa and in Mexico and the latter at 
the Cape. Several species of Silene (8. Guciibalus, B. maritmia, 
etc.), and of Lychnis {L, Floscticuli, L. diuma) are found in 
arctic regions. Many genera of Aisinoideae are very widely 
distributed, for instance the cosmopolitan Stellaria, CerasUtmiy 
Minnartia {Alsine), Arenaria and Bpergula, Sagina extends from 
the north temperate zone to Abyssinia and Mexico. The Medi- 
terranean is one of the richest areas, and contains several small 
or monotypic genera. The tribe Paronychieae contains about 
90 species in warm dry regions. 

The family is of little economic ■ value. The roots of Baponmia 
(Soapwort) contain saponin, wMch yields a lather with water. 
Several genera are well knowm in gardens, chiefly Diantlms,w\im]i 
includes , the pinks (derived from D. plumarius), carnations and 
picotees {from P. Garyophyllus) and Sweet William (from P, ker- 
bat%s)\ others Lychnis, Silene, di^A Gy psopMla. 
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Grade B. DIALYPETALAE 

Flowers generally bisexual^ unisexual only in derived forms. 
Perianth (except in derived forms) generally in two series, 
the outer forming a calyx of sepals, the inner a corolla of 
free petals. Pollination generally entomopliiloiis, or in derived 
forms aneniopMious. 


Order 1. Ranales. 

Family I. Magnoliaceae. 

„ II. Aimonaceae. 

„ III. Myristicaceae. 

„ IV. Calycaiithaceae. 

„ V. Moiiimiaceae. 

„ VI. Laui’aoeae. 

„ VII. Raiuinculaceae. 

„ VIII. Berberidaceae. 

„ IX, Lardizabalaceae. 
„ X. Menispermaceae. 
„ XI. Xymphaeaceae. 

„ XII. Ceratopbyllaceae. 

Order 2. Rhoeadales. 

Family I. Papaveraceae. 

,, II. Capparidaceae. 

,, III. Criieiferae. 

„ IV. Resedaceae. 

Order 3. Sarraceniaies. 

Family I. Sarraceiiiaceae. 

„ II. Nepenthaceae. 

,, III. Droseraceae. 

Order 4. Parietales. 

Family I. Cistaceae. 

,, II. Bixaceae. 

„ III. Tamaricaceae. 

,, IV. Fraiikeiiiaeeae. 

,, V. Elatiiiaceae. 

,, VI. Violaceae. 

„ VII. Flacourtiaceae. 

,, VIII. Passifloraceae. 
IX, Caricaceae. , 

. : ;X.' Loasaceae. ■ 

'Orders. Peponiferae. 

Family I. Cueiirbitaceae. 

, IB Begoniaceae. 

' ' IJL,.Datiscaeeae. 


Order 6. Outtiferales. 

Family I. Diileniaceae. 

,, 11. Ooiinaceae. 

„ III. Marcgraviaceae. 

„ IV. Ternstroemiaceae. 

(Theaceae.) 

,, V. Giittiferae. 

„ VI. Dipterocarpaceae. 

Order 7. Mah^ales. 

Family I. Tiliaceae. 

„ II. Malvaceae. 

„ III. Bombacaoeae. ’ 

,, IV. vSterciiliaceae. 

Order S. Tricoccae. 

Family I. Euphorbiaceae. 

„ II, Buxaceae. 

,, III. Callitrichaceae. 

Order 9, Geraiiiales, 

Family I. Geraniaceae. 

„ II. Oxalidaceae. 

„ III. Baisainiiiaceae. 

„ IV. Tropaeolaceae, 

„ V. Linaceae. 

. „ VI. Zygopiiyilaceae., 

„ VII. Maipigbiaceae. , 

Order 10. Rutales. 

Family I. Rutaeeae. 

II. Simarnbaceae, 

„ III. Burseraceae. 

IV. Meliaceae. 

Order 11. Sapindaies. , 

, ^ Family I. Anacardiaceae. ■ 

■ • . „ . ,11. .Sapiiidaceae. 

, ' III. Aceraceae. ■ 

■ „ IV. Hippocastanaceae. 

Anomalous Family. Polygalaceae. 
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Order 12. Celastrales. 

Family I. Celastraceae. 

„ II. Stapliyieaceae. 

„ III. Aqiiifoliaceae. 

„ IV. Empetraceae. 

Order 13. Rhamnales. 

Family I. Rhamnaeeae. 

„ II. Vitaceae. 

Order 14. Rosales. 

Family I. Crassiilaceae. 

,, II. Saxifragaceae. 

„ III. Cuiioiiiaceae. 

„ IV. Pittosporaceae. 

„ V. Podostemonaceae, 

,, VI. HycFostacbyaceae. 

„ VII. HamameMdaceae. 

„ VIII. Piata.naceae. 

IX. Rosaceae. 

„ X. Comiaraeeae. 

„ XI. Leguminosae. 


Order 15. Myrtiflorae. 

Family I. Tliymelaeaceae. 

II. Elaeagraiceae. 

III. Lythraeeae. 

IV. Puiiicaceae. 

V. Soiiiieratiaceae. 

'VI. Rhizoplioraceae. 
'VII. Combrel-aeeae. 
VIII. Lecythidaceae. 
IX. Myrtaceae. 

X. -i^folastomaoeae. 

XI. Onagraceae. 

XII. Haloragaceae. 

XIII. Hippiiridaeeae. 

Order 16. Opimtiales. 

Family Cactaceae. 

Order 17. Unibeliilioj’ae. 

Family I. Ai’a<]iapeat‘« 

„ 11. Uinbelliferae. 

„ III Coriiciceae. 



Order 1. lUNALES 

(PoLYCAEPiCAE of Eicliler) 

Flowers with parts arranged spirally or spirocyclic or 
cyclic, regular, or in higher forms zygomorphic. Floral axis 
convex, sometimes much elongated, the flower Tbeiiig hy-^po- 
gyijous, sometimes in derived forms concave and more or 
less united with the pistil, the flower being perig^oioiis'Vpr 
epigynoiis. Perianth generally either petaloid or differentiated 
into a calyx and corolla. Stamens generally numerous. 
Carpels iiiimerous to solitary, generally free. Seeds generally 
with copious endosperm, sometimes also with perisperiii. 

Herbs or woody plants. 

The earlier families of the order include woody plants with 
oil-containing cells in the parenchjmiatoiis tissues; in the 
later families oil-containing cells are absent and the plants 
are generally herbaceous. 
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PFooc% iilcmts. Oil-cells present in the 
pm^enctiymatoiis tissue. 

Family L mGNOLIACEAE 

Flowers bisexual or sometimes unisexual, regular, hypo- 
gynoiis, spiral or spirocyclie ; floral axis convex or elongated. 
Perianth sometimes wlioiied, and more or less distinguished 
into calj^x and corolla. Stamens usually numerous. Carpels 



usually numerous and free, sometimes whorled, rarely imited. 
Ovules parietal, anatropous with two integuments. Fruit a 
follicle, a winged nut or a berry.. Seeds containing a copious 
endosperm with; a small embryo. . 
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Shrubs or' trees with alternate entire, rarely lobed, often 
stipulate leaves, and generally solitary, teriniiial or axillary 
flowers. Oil-containing cells are present in the pareiicliynia 
of stem and leaves. 

Genera.. 9; species about 100. Tropics of Asia and America 
extending into the north temperate zone in the Himalayas, 
Eastern Asia, and Atlantic North America (in Tertiary times 
the distribution was circumpolar), and in the genus Driniys 
into the south temperate zone and Australasia. 

The genera fall into three siibfamihes characterised by 
the degree of development of the floral axis, presence or 
absence of stipules and habit. 

Subfamily L Magnolioideae. The leaves bear stipiilar 
sheaths or stipules which enclose the next younger leaf in the^ 
bud-stage. The flowers are bisexual with an elongated floral 
axis. There are four geneva. J^ Iajnqlia includes about SOspecies 
of shrubs and trees with entire smooth leathery leaves and 
terminal flowers, which sometimes appear in the spring before 
the leaves (Asiatic species), or with the leaves, as in the 
North American species; Jf. grcmcUflora of the southern 
United States, and well known in cultivation, is evergreen. 
The leaves of the floral envelope are in three whorls o£ 
typically three members each; all are petaloid or the outer 
whorl is sepaloid. An indefinite number of stamens arranged 
spirally is followed by numerous free carpels, also spirally 
arranged on the much elongated axis. The fruits open along 
the dorsal suture and the two or more seeds, which have a 
fleshy' coat, hang suspended by the unrolled spiral vessels of 
the funicle (fig. 58, C). The 30 species occur in tropical ilsia, 
Eastern Asia and Atlantic North America; fossil species indi- 
cate that in Cretaceous and Tertiary times the area of distribution 
extended right across the north temperate zone and as far north 
as Greenland and Spitsbergen and also ■ included Australia^ 
Lirioieiidmn, represented by L. tulipifera (Tulip-tree), a 
native of Atlantic North America, and a closely allied species 
or variety . in China, differs in having blunt f oiir-lobed ' leaves, 
while the flower has three sepals succeeded by two trimerous 
whorls, of yellow petals; the numerous fruits are oiie;seeded 
and winged. ^ The/present anomalous distribution is explained 
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by the existence of nearly related fossil species in the Tertiary 
beds of Europe and Greenland. There are two other genera 
in tropical Asia and America. 

' Subfamily 2. Illicioideae. Evergreen trees or shrubs with 
exstipiilate leaves and a short, convex floral axis. There are 
three genera, two of which, Drim^s and Zygogpumi; are- 
remarkable for the absence of vessels in the secoiidaiy wood,, 
which resembles that of Conifers. The flowers are terminal 
or in axillary inflorescences, bisexual, or sometimes diclinous 
in Drimys. lUiciimi has nnmerous perianth-leaves (the outer 
shorter and sepaloid, the inner becoming petaloid) spirally 
arranged, as are the stamens, and a whorl of 8-20 free carpels, 
which in the fruit form a radiating star of one-seeded follicles. 
The seven species occur in Atlantic North ilnierica, further 
India, China and Japan. Fossil species occur in the Tertiary 
beds of North America and England, and in the Pliocene of 
Australia. In Drimys the six or more petals are enclosed 
when young by a membranous sac which splits into two or 
four sepals ; the carpels form a whorl, and contain each many 
ovules. D. Winteri (Winter’s bark) occurs in the highlands 
from Mexico to the Straits of Magellan ; other species occur 
in Australasia, New Caledonia, New Gkiinea and Borneo. 
Zygogymmi, a nionotypic genus from New Caledonia, has a 
cup-like calyx, and a few unequal petals; the many-ovuled 
carpels are united and the fruit is a beri\y. 

Subfamily 3. Schizaxdroibbae. Climbing shrubs with 
deciduous exstipulate leaves and solitary axillary flowers ; the 
flowers are unisexual with the parts arranged spirally on a 
convex axis which may become elongated in the fruit. The 
numerous carpels are free, contain two ovules, and remain 
closed in fruit forming a berry. There are two genera, the 
species of which occur in tropical and Eastern Asia and 
Atlantic North America. 

The flowers in this family contain no nectar and are 
pollinated by insects which find shelter in them. 

The species of Magnolm are cultivated for tlieir foliage and 
large showy flowers.; the Tulip-tree is also grown' as an ornamental 
tree and affords useful timber. ■ Star-anise, used medicinall}^ and in 
the manufacture of liqueurs, 'is the fruit oi IlUdum.venmi (China) ; 
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the hark of Drimys W inter i is known iiiedidiially as Winters 
bark. 

Some stress from the point of view of piiylogeny, as indicating 
priiiiitiveiiess, has been laid on the Conifer-like character of the 
wood of Drimys. . The nature of this is, however, discounted by 
the fact that 'the structure of the bast is characteristicaily dicoty- 
ledonous, having sieve-tubes with companion-cells. Fo;rther,: 
Strasbiirger has shewn that the course of events in the embry/^o-sac 
is typically dicotyledonous. The structure of the wood of the- 
closely allied genus Illicium is also normal. More recently Jeffrey" 
and Cole (4) have found that, as a result of injury, peculiar tracheary 
structures, are develo|)ed in the root of several, species, wiiich may 
be regarded as a reversionary return of the vessels fonineiiy 
occurring in the genus. Magnoliaceae have pia,yed an important 
part in recent attempts to trace the origin of Angiosperms. In his 
original system, Hans Ha].lier (2) regarded the family as representing 
the most primitive of existing Angiosperms, and compared the 
elongated floral axis of Magnolia, bearing numerous spirally 
arranged free sporopiiylls, with the sporophyll-bearing axis of 
Bemiettites. A hypothetical group, Dryfnyto-magmlieae, combining 
the presumed primitive stem -structure of Drhnys with the acyclic 
arrangement of the sporophylls of Magnolia^ wms regarded as 
connecting Magnoliaceae and the other polycarpic families of 
Dicotyledons with a BennettiUs-Vike ancestor. This view lias been 
developed by Arber and Parkin (i), and Lots3^(5) in liis system of 
Angiosperms also starts with the Magnoliaceae. More recently, 
however, Haliier{3) has revised his system and now regards 
Berberidaceae as the earliest existing representative of the Angio - 
sperms, and derives both Dicotyledons and Monocotyledons from 
a primitive type of this family, Proberberideae. 
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Family IL ANNONACEAE 

A family widely spread in the tropics of both w'oiids ■ containing 
about 800 species very uneqnalh^ distributed among 62 genera. 
They are woody plants, sometimes climbing, with alternate entire 
exstipulat© leaves, and large regular liypogyiioiis bisexual, rarely 
imisexiial , flowers which are often solitary. In some cases the flowers 
are borne on the old wood (cauliflorous). The perianth (absent in 
the Australian genus Eupo^natia, which has also a perigynoiis 
flower) consists of three whorls with three, rarely two, members in 
each whorl. The outer whorl forms a calyx and has a valvate 
aestivation, the sepals are free or united below; the two inner 
^vhoiis are valvate, or slightly imbricate and are petaloid ; thej^ 
are alike or, as in Monoclora^ strikingly different in size and foriii. 



Fig. 59. A-D. Asmiina triloba. A. Flowering shoot, reduced. B. Flower in 
vertical section, about nat. size. C. Fruit cut lengthwise shewing three 
seeds, x D. Seed in section shewing embryo, e, in the ruminate endosperm, 
nat. size. E. Fruit of Ajinona sq%iamosa, reduced. (A after Le Maoiit and 
Becaisne; B-E after Baillon.) 


Above the perianth the axis fomis a large convex receptac 
which are spirally arranged an indefinite number of 
succeeded by numerous carpels. The stamens are peculi' 
consist of a short thick filament bearing a pair of extrorse dhers 
above which is an outgrowth of the connective vaiyiug ^ form 
in different genera. The anatropous ovules are generally 
in a double row on the ventral suture of the carpel. The ruits are 
..fleshy and form separate berries -which, when many-seft'^^d, shew 
constrictions .or fl.eshy ingrowths of the pericarp betwee/' individua.l 
seeds; or the ovaries' become united with each other jy-d the floral 
axis to form a fleshy mass in which' the seeds are ei|^*^edded as .in. 
Annona squamosa (Custard Apple) (fig. 59, E). 
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The seeds are large and occupied almost entirely by a deeply 
riimiiiated endosperm in the upper portion of which is embedded 
a small embryo. Oil-sacs occur throughout in the pareiiehyiiia, even 
ill the parts of the Howev. The large fleshy fruits of many species 
are eaten, for instance, the Custard Apples (Annom) ; other species 
are strongly aromatic or acrid. 

Aiiiionaceae are most nearly allied to the Magnoliaceae; a con- 
stant distinction is the ruminated endosperm. 


Family 111. MYRLSTICACEAE 

A small tropical f amity of aromatic plants allied to Aniionaceae 
in the trimerous perianth,- and the structure of the seed. Like 
Aiinoiiaceae also they are woody plants with alternate exstipuiate 



Fig. 60 . Myrisiica fragram. A. Fruit, the pericarp is splitting, exposing the 
seed. B. Seed siiiTounded by the aril, a; /?, hiiiim. C. Seed in section; 
a, aril; seed-coat; ruminate endosperm; e, embryo. D. Androeciiiin of 
male flower. E. Female flower in longitudinal section; perianth; o, ovary. 
A, B, C reduced; D, E enlarged. (A after Le Maout and Decaisne; B and C 
after Luerssen; I) and E after Baillon.) 

coriaceous simple entire leaves, and oil-sacs are generally dis- 
tributed in ' the parenchyma. The inconspicuous flow'ers are 
racemose, dioecious and regular, with acyclic arrangement. The 
simple perianth is tubular or bell-shaped below dividing above 
into geiierally three limbs. The male flowers have' a varying 
number of stamens- (3-18) united by their filaiiieiits (nion- 
adelphous) into a central column wdiich, may become expanded 
above into a .disc; the anthers are extrorso. The, female li.e^'-ers 
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have a solitary , free carpel Mth a short or obsolete style and con- 
taining a solitary basal anatropons ovule. The fruit is fleshy, the 
pericarp splitting along both, the ventral and dorsal sutures and 
exposing the large seed which is- more or less completely enveloped 
by a branching Aeshj aril springing from the base of the* short 
fiiiiicle. The hard testa encloses a deeply ruminate aromatic oily 
eiidospenn, in the base of which is a small embryo with a short 
radicle and leafy spreading cotyledons. 

The species are spread through the tropics of both Worlds but 
are most numerous in tropical Asia. Mi/ristica fragrcmis (Miitnieg) 
(fig. 60), a native of the Moluccas, is now widely cultivated; both 
the seed, nutmeg, and the aril, mace, are used as spices. 

The family was regarded by Alphonse Be Candolle as repre- 
senting a single genus containing about 80 species. 0. Warburg^ 
in a more recent monograph subdivides it into 11 genera, which 
form geograpliical groups, and contain about 250 species. 


Family IV. CALYCANTHACEAE 

A small family containing the single genus Cah/canthtis with 
a remarkable distribution; two or three species in China (some- 
times separated as a distinct genus, Gliimonmiihus), three species 
in the Southern United States, one in California, and one in 
Queensland. They are shrubby plants with opposite entire 
leaves, bisexual acyclic flowers with numerous petaloid perianth- 
leaves, 10-20 stamens, and about 20 free carpels situated on the 
inside of a cup-shaped floral axis and containing each two 
anatropous ovules with two integuments. The one-seeded 
indehiscent fruits are enclosed in the enlarged floral axis. 
There is hardly any endosperm, the seed being nearly filled 
with the s|)irally rolled cotyledons of the large embryo. Oil-sacs 
occur generally distributed in the parenchyma of all parts of 
the plant. Outside the normal ring of bundles in the stem are 
four bundles with inverted orientation, the xylem being towards 
the outside. 

They resemble Magnoliaceae and Annonacea© in the acyclic 
flowers and the presence of ofl-sacs, but are distinguished by the 
opposite leaves, and the large embryo which nearly fills the seed ; 
also by the perigynous flower which, however, occurs in the 
anomalous genus Eupomatia of Annonaceae, Cal/gcanthus florida 
(Carolina Alspiee) (fig. 61, A),, native in the southern United 
States, with fragrant deep red flowers, is a garden-plant. 

“MonograpMe der, Myristieaceen.” Nova Acta Acad. Lmp, Carol. Bot. Lxvin 
( 1897 ). . 
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FamUy V. MONIMIACEAE 

A tropical and subtropical famil}^ containing 32 genera of trees 
or slirubs, rarely;- climbing, with evergreen ieatlieiy, generally 
opposite, exstipiilate leaves, and containing aromatic oil- cells. 
The flowers are solitary or cymose and nsuail^^ unisexual . The 
floral structure is remarkabi}' varied, but generally characterised 
by a more or less cup-shaped, sometimes very deepi.y hollowed 
receptacle on the inside of %vhich the stamens and carpels are 
borne (fig. 61, B, C). The perianthdeaves (sometimes wanting) 
are small and four to many in number ; in the latter case the inner 
are petaloid. The stamens are generally numerous, but sometimes 
few; the dehiscence of the anthers is longitudinal, transverse or 
sometimes valvular and- the short filaments are soiiietiines pro- 



jpio. 61. A. Flower of in vertical section, fnafc. size. B, young 

male, and C, female flower of Monimia in vertical section, enlarged. (After 
Baillon.) 

vided with a pair of lateral appendages (compare Laiiraceae). The 
carpels vary similarly in number but are generally numerous; they 
are free and contain each a single ovule, the position of which 
varies. The one-seeded indehiscent fruits are generally enclosed 
in the enlarged floral axis. The small embryo is enclosed in a 
copious, not ruminate, endosperm. 

The family is of considerable interest from its relation to 
Magnoliaceae on the one hand and Laiiraoeae on the other. The 
structure of the flowers suggests Magnoliaceae with a concave 
floral axis, in which the numerous stamens and free carpels are 
depressed* The small embryo embedded in a copious endosperm 
also recalls Magnoliaceae, but the biological character of the 
flowers — ‘iiicoiispicuoiis and generally asexual — is very different. 
In the perigyiiy, and ■ the occasional valvate dehiscence of the 
anthers and appeiidaged filanients, ' an affinity is indicated' with 
the Lauraceae, . ' . 
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Family VI. LAURACEx^E 

A family of woody plants, excepting the parasitic Oassytha, 
with coriaceous, generally smooth, simple and entire leaves, 
Avhich are exstipulate and arranged alternately, though some- 
times, by shortening of the intemodes, apparently opposite 
or whoiied. A character is the presence in the leaves 



Fio. 62, A. Flower of Ginnmnomum zeylamcum in vertical section, enlargedj 
B. Fruit of Sassafras officinale, nat. size. C. Berry, enclosing seed, of Launts 
nobilis, in vertical section; c, cotyledon; enlarged. D. Floral diagram of 
Ginnamoinum zeylanimm. E. Floral diagram of male flower of Laurus- 
nobilis. (A, B, C after Baillon; D, E after Eichler.) 

and : cortex of cells containing ethereal oil; mucilage-sacs 
may also be present. The flowers are generally in many- 
flowered terminal or axillary inflorescences of a racemose type, 
which, however, may pass in the ultimate branchings into 
dichasia. They are ibisexual, or sometimes unisexual by 
reduction, and: regular, with the parts arranged in generally 


LAURACBAE 


i;:50 


tdiiieroiis whorls. The two outer whorls form a perianth j the 
iiieiiibers of which are generally similar, rarely, as in GassytJm 
(fig. 64), the. outer are smaller than the inner; they are more 
or less united at the base and are situated with the stamens 
on the edge of the concave receptacle from the bottom of 
which springs the pistil. The typical flower contains four 
wiiorls of stamens which are rarely all fertile, generally the 
innermost is reduced to a whorl of staiiiinodes, as in Persea 
(fig. 63) and Cinnamon {Ginnmnomu7n> zeylcmimm, fig. 62, 13), 
or it is absent. Further reduction occurs in some genera, only 
two whorls, or even a single whorl, being fiiiictional. These 
variations in the androecium together with the number, two 
or four, of pollen-sacs, and the introrse or extrorse de- 
hiscence of the anthers, supply useful generic characters. 
A constant character is the mode' of dehiscence of the 
anthers by a valve opening from below upwards. The 
anthers of the third whorl have often an extrorse dehiscence, 
those of the other whorls being introrse, and their filaments 
frequently bear a pair of lateral glandular outgrowths, as do 
also sometimes those of the outer whorls. 

The pistil consists of a one-celled ovary containing a 
single pendulous anatropous ovule, and bearing a style 
ending in a stigma which is often three-cleft. The three-cleft 
stigma suggests the presence of three carpels, which Eichler 
considered to be represented in the pistil; Payer, Baillon and 
others, following the development of the pistil, regarded it as 
monocarpellary, but more recently Mirande^ concludes, 
especially from his investigation of Cassytha, that the pistil 
is composed of several, usually three carpels, one posterior, 
which is prolonged into a style and stigma, and two latero- 
anterior which abort. ,The fruit is a berry, rarely a drupe 
as in. Persea (fig. 63), and more or less enveloped by the cup- 
shaped receptacle, and sometimes also by the persistent base 
of the perianth, as in GassytJia (fi.g. 64). The single seed is 
filled by the large embryo consisting of a pair of large fleshy 
straight cotyledons protecting the small plumule, and a short 
superior radicle. 

Laums (Laurel) differs from the .‘UsuaT case, which we 
^ Oomptes Me7idu8,'PaTiSg CXLY, .510 (WOl). 
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have considered, in having dioecious or polygamous flowers 
with the parts arranged in fours. In the male a four-leaved 
perianth is followed by a varying number of stamens, 
generally 8-12, in two or three whorls, the innermost of which 
bear a pair of lateral glands (fig. 62, E). The female flowers 
have generally a whorl of staminodes alternating with the 
perianth -leaves. 



Fig. 63. Persea americancL A. Leaf and inflorescence, x f . B. Flower, x 3. 
C. Pistil cut open to shew ovule, x 3, I). Drupe, the upper part cut away to 
shew the stone, x (From Flor. Jam.) 

Gassytlia consists of herbs resembling Dodder in habit 
(fig. 64), having slender cylindrical stems attached by suckers 
to their host-plant; leaves are absent or scale-like. The 
small flowers are generally collected in heads or spicate, 
having three , sepals, three petals, 3 -}- 3 -f 3 stamens and 
an inner w^horl of three staminodes, as usual , in the family. 
The petals are much larger than the sepals.' ^ The perianth- 
tube' is little developed in the flower but increases consider- 
ably in the fruit forming a succulent outer covering. ' 

The 40 genera contain about 1000 species ; they are common 
forest-trees in tropical Asia ’and America, There seem to be two 
main: centres of distribution": one is’ in tropical south-eastern 
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Asia whence the family ranges northwards tO' South China 
and Japan and southwards to Australia; a second is in 
Brazil from w^hich it extends southwards to the Island of 
Ciiiloe and is represented' northwards by a few genera in -the 
United States, Sassafras, and Lindera reacliiiig Southern 
Canada. Africa is poor in species. The onfy European 
representative at the present day is the Bay or true Laurel 




Fm. 64. Ckissyilia fdiformis. A. Portion of stem with flowers, shewing attacli- 
iiient to leaf of host-plant by haustoria (/<?-), x |; scale -leaf . B. Flower, x 6, 
C. Flower spread out to shew arrangement of parts, x 7. D, Pistil E. Fruit, 
X 2; it is enclosed by the succulent perianth-tube 'which has become much 
increased in the fruit and bears the persistent segments. F. Seed in section 
shewing one cotyledon, e, and the axis of the embryo, em. (From Flor. Ja,m.) 

{Laurm nobilis) in the Mediterranean region, probably 
originally a native of Western Asia. Fossil leaves, and also 
fruits and flowers of several genera found in Miocene strata 
ill Europe, North Asia, Greenland and elsewhere, indicate a 
iiiiicli more northerly extension of the genus in Tertiary 
times. 

Many of the species are of econoniie or medicinal, value on 
account of the volatile o,ii which they contain. Cimmmomuni 
zeylanicum> and G, Cam])liora, both Asiatic trees, yield respectiyely 
cinnamon and camphor. The North American Sassafras {8, offici- 
nale), a deciduous-leaved tree, yields a scented wood; a species 
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of Neckmdra yields the Greenheart wood of Deiiierara, and there 
are other vaiiiable timber-trees.. Per sea am^erkmia, a native of 
tropical x4.merica, now widely cultivated, has a delicious pear- 
shaped fruit (a drupe), the Alligator or Avocado Pear. 

B. GeneroMy herbaceous plants. Oil-cells absent There 
is evidence from their arrangement that the sepals are 
derived from bracts and, on the other hand, that the 
petals are generally stamens lohich have become 
nectar-secreting structures or merely coloured aG 
tractive organs. 

Family VII. RANUNCULACEAE 

Flowers bisexual, spiral or spirocyclic, rarely cyclic, regulaiy 
more rarely medianly zygomorphic, hypogyiioiis. Perianth 
simple and petaloid, and generally succeeded by nectar- 
secreting structures of various forms, or differentiated into 
a distinct catyx and corolla. Stamens generally indefinite and 
free. Carpels indefinite to few or solitary, rarely united, with, 
numerous to few ovules with one or two integuments. 
Pollination generally by aid of insects. Fruit a follicle or 
achene, rarely a berry. Seeds containing a copious oily 
endosperm with a small embryo. 

Generally perennial herbs with usually alternate, more or 
less divided leaves , and solitary or cy mose, often showy, flowers. 

Genera 30; species about 1200. Chiefly in the temperate 
and colder parts of the earth. 

The cotyledons are generally epigeal in the form of stalked 
or sessile small ovate green leaves; the stalks are sometimes- 
united, either partially or completely, forming a tube through 
which the epicotyl breaks laterally as in Monocotyledons; 
this occurs in species of Anemone, Delphinium and others. 
The union may extend also to- the blade as in Eranthis and 
Ranunculus Ficaria, In some cases, as in Clematis recta, 
Paeonia and others, the cotyledons are hypogeal. 

:The plants are generally annual or perennial herbs, persisting’' 
by means of a rhizome, or by tuberous roots as in Paeonia, 
species oi Ranunculus, Aconitum and others. 

The -leaf -base is usually broadened into a sheath which is 
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sometimes elongated into a pair of lateral stipiilar lobes as 
ill Tlialictmm, the Batrachmm section of Rammculus (Water 
Crowfoot) and others. The blade is sometimes entire ; it is 
then narrow as in Myosiims mid. some species of Ramm- 
mlus (as R, Lingua and Flammula) or cordate, as in R.Ficmia 
and Galtha, General^, however, the blade is palmately lobed, 
divided or compoimd, rarely pimiately as in Xantliorrhiza 
and species of Clematis, Special forms are the/ 'dissected 
submerged leaves of the 
aquatic species of Eanmicuhis 
and the climbing leaves of 
Clematis; in the latter the 
petiole, racliis and some- 
times even the blade are 
sensitive to contact. In C. 
aphylla the whole of the leaf 
becomes a tendril and the 
work of carbon-assimilation 
is done by the green cortex 
of the stem. 

The course of the vascular 
bundles in the stem is in some 
genera (Actaea, Cimicifuga and 
Thalictrum) suggestive of the 
Monocotyledons , 

The family may be divided 
into three tribes : 

Tribe 1. Helleboreae, in 
which the ovules are aiTanged 
ill two rows along the ventral suture of the carpels (fig. 65, D) 
and the fruit is a follicle or rarely a berry. , 

Tribe 2. A^iemonea-e, in which a solitary ovule arises at 
the base of the ventral suture (fi.g. 65, B, C, F) and the fruit 
is an achene. 

Tribe 3., Paeonieae, which is distinguished by the large 
development of the outer ovule-integument; the ovules are 
arranged, as in Helleboreae and the fruit is a follicle with. 
■ fleshy w^alls. 

Great reduction in the number,. of ovules occurs in some 



Fig. 65. Longitudinal (A, B, C, E, F) 
and transverse (I)) sections of carpels 
of A, Ammoym neyyiorosa; B, Mamm- 
cuius acris; C^. 3iyjoswus yyimimus; I), 
Delphinium ConsoUda; E, CaUimitlm'- 
mum. rutifolmm ; F, TlMlktrum mmns. 
All enlarged, {After Praiitl.) 
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; of the Helleboreae as in XanthorrUza, where there are two^ 
while the fruit is a one-seeded pod, and in GalUanthemmn, 
where only one ovule comes to maturity (fig. 65, E) and the 
fruit is one-seeded and indehiscent. On the other hand, 
riidiiiientary ovules may occur above the solitary ovule in 
Anemonms as in Anemone nemorosa (fig. 65, A); and the 
ovule may become pendulous by elongation of the basal 
. portion of the suture (fig. 65, F). 

The most constant feature of the family is the internal 
i arrangement of the seed, which contains a small embryo in 
^ the apex of a copious oily endosperm. 

Tribe 1. Helleboreae. A comparative study of the genera of this 
tribe by Schrodinger{l) is here summarised. In the more primitive 
forms {GaUha, Hellebonis, etc.) the perianth is spiral and is 
continued from the spiral arrangement of the foliage-leaves ; 
in the later forms it becomes cyclic. The perianth is therefore 
here regarded as having originated from the foliage-leaves. In 
most genera 'dioney-leaves’’ are present; these are shewn to be 
the transformed lowermost members of the rows of stamens, and 
the origin of the corolla. The primitive form of flower con- 
tained three kinds of organs: ( 1 ) perianth or cal,yx, (2) stamens, 
wMch may in part be changed into honey-leaves, and (3) carpels,. 
Two developmental series are distinguished, namely : 

(а) Isopyroideae, in which the members of the corolla, when 
present, alternate with the sepals, the petals (honey-leaves) and 
staminai rows being opposite the spaces between the sepals, and 

(б) TrolUoideae, where the corolla when present is episepalous. 

The Isopyrokleae have all actinomorphic flowers and are hence 

less advanced than the TrolUoideae, the higher members of which 
(Aconitum and Delphinium) are markedly zygomorphic. 

(a) Isopyroideae. In Helleborus the flow^er has a green, reddish or 
white persistent perianth of five leaves, followed by a varying 
number of short tubular honey-leaves. The very numerous 
stamens (generally more than 100) are in 13 row^s and usually the 
first member of each row is converted into a honey -leaf (nectary). 
In some species, as H.foetidus, only eight or fewer of the outermost 
stamens form nectaries, and cases occur where there are only five 
siieh which alternate with the sepals. Such cases supply the tran- 
sition to the arrangement in Isopyrum, where the honey-leaves are 
in a- whorl of five alternating wuth the five sepals, and thus may be, 
regarded as a definite corolla. As in Helleborus, there are about 
13 rows of stamens, but the total number, is greatly reduced. 
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FiG'. 66. A.: Flower of Helleborus niger in 'Vertical section, .sliglitly enlarged; 
Ji., nectary. B. Diagram shewing arrangement of the androeeiiim in' an 
individual ease of H.' niger in which 7 of the 13 marginal staminal leaves 
have become nectaries (indicated by shading). C. .Moral diagram, of 
Aguilegia. D. Fruit of Nigella dmyiascena with involucre of bracts, slightly 
reduced. E. 'Fruit cut transversely. F. Nectary of same, D, Flower of 
Mcmmnculus sceleraf/us in A^ertical section. H. Base of petal of Ji acris, I. The' 
same in 'median longitudinal, section. , J. Floral diagram of Higella. /F, 

H, I enlarged. (A after Berg and Schmidt; B after Schrodiiigerj ,C, E, F after 
Warmmjr: D, D, J after Baillon; H, I after Prantl.) 
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Isopyrum e^gsuiii mpplies tlie transition to AquUegm where' tlie 
flower consists of 5-nierons wlioris tliroiigliont and is eonstraoted on 
the plan Ko, Co/ A5 -f 5 +' 5 {A o + o), Go. The foliage-leaf of 
Hdleborus m ,palinately cut while that of Isopymm. is ternateiy 
divided and resembles in tins Aquilegia. The tubular honey-leaf 
of Isopyrum is in some -species very obliquely cut and approaches 
in form the spurred honey-leaf characteristic of AqnUegia. 

The other genera of the tribe, Anemopsis, Ciniicifuga, AcMea,. 
Go0s and Xanthorrhiza, resemble Isopyrum and Aquilegia in the 
generally ternateiy divided foliage-leaf and the tubular honey-leaf , 
but differ in the toothed margin of the leaf-segiiieuts and the 
more open character of the nectary. In Actma mid Cimicifuga, 
which are sometimes united as a single genus, there are general^ 
four sepals, which soon fall, and four or fewer petal -like 'dioiiey- 
leaves"’ which are sometimes devoid of nectar, generally numerous 
stamens and one {A[ctea<) or one to several (Cimicifuga) car|}els. 
Flowers with tiimerous' calyx and corolla also occur. In Ooqitis 
there are generally five sepals, alternating vdth \-rMch are five 
smaller honey-leaves, some of which are, however, often in- 
completely developed and without nectar ; the numerous stamens 
are often arranged in 13 rows, and the carpels (10-1) 'are often 
stalked. The flowers of Xanthorrhiza (a mono typic genus of the 
woods of .Atlantic North America) aies, like those of Aquilegia, , 
cyclic. and pentamerous, but small and inconspicuous, with fewer 
staminal whorls. They have the formula Ko, C5, A5 (or. 5 + 5), Go. 
■EraMhis (Winter Aconite) resembles Helleborus in floral striictiire 
but the sepals, "which vary in number from fi. ve to nine (geiierall}?- 
six), (2), are smaller, yellow and deciduous;, the radical leaves .are 
palmate, the oauliiie form an involucre just .below the flower. 

(b ) ., TrolUoideae. The lowest floral stage is represented by Galtlia, 
■where there are no honey-leaves, but a nectary is present on the 
carpel ; ' the plant closely resembles TrolUus in the, form anti 
development of its leaf. There are from 5-15 deciduo'iis wdiM 
or yellow perianth-leaves, 80-150 stamens in 21 row^s, and 5-l(| 
carpels. The flower of TrolUus is similar but., a varying number' 
of the first members of the staminal row^s become transformed into 
small narrow honey-leaves 'which have a short claw and a small 
flat blade with a nectary at its- base; Schrodinger explains the 
variation in the number of the staminal rows by exigencies of space 
on the floral axis. 

Ill Nigella the five petaloid perianth-leaves are generally followed f 
by eight well-developed honey-leaves (nectaries), and an eight-: 
row^ed superposed androecium; .the carpels (5-12) are more or ioss. 
united to form a compound ovary. 

The zygoni Orphic genera {Delphinium and Aconittim) are derived 
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from 'w NigellaAike flower, ' The stamens and' carpels are spirally 
a4Taiiged,...,and shew no trace of the median symnietrj^. which is 
cleteriiiiiied by the structure of the. calyx and corolla. The calyx 
is arranged in the quincuncial whorl, so frequent in Dicotylado,iis, 
that is the second-developed sepal is median and posterior; in 
BelgMfikini this is spurred. There are originally, as in Nigella, 



Fig. 67. A. Flower of Aciaea spicaia. B. Flower of Coptis Irlfolia. 0. Piower of 
minimus in vertical section. D. Flower of Aconitum. NapeUy,'^ 
in vertica l section. E. Floral diagram of Delphinium. .F. Fruit of Aconihrm, 
O, Seed of same in vertical section, c, embryo; /?., honey-leaf; n, eiidosperoL 
A, B, C, F and Cl variously enlarged. (A, B, C after Bailltm; 1) after Wanning.) 

eight honey “leaves, a pair' opposite eac,h of the three' older sepals 
and one opposite each of the two younger sepals. Of these the 
four ill the. lower part of the fl.ower. are either suppressed nr form 
slender fiiiictionI,©ss structures* the median lateral form attractive 
petal-like structures which have lost the nectar-secreting 'function 
but are closely associated -in the insect-attracting function .with 
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nectar-secretmg spm p.^ada, a central and southern 
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EmopeaiispeeiesiL j oinde structure with one spur. 

to cS* 



Fia. 68. Glenmtis dioica. A. Bud of male flower, x 2. B. Male flower open, x 2. 
C. Female flower, x2. B. Carpel, x5. E. Acliene cut lengthwise, x7; 
e, endosperm; c, cotyledons; r, radicle. F. Leaf. (A, B after Eicliler. ) (From 
Mor,Jmn.) ^ 

indehiscent berry. In Xanthorrhiza the carpels contain a pair of 
ovules, and tbe fruit is a one-seeded pod. In Nigella the carpels 
are more or less united and in N. damascena (Love-in-a-Mist) the 
fruit forms a septicidal capsule which has large hoEow spaces be- 
tween the inner and outer layers of the pericarp. 

Tribe 2. Anemoneae. The flowers in this tribe are all actino- 
morpMc and suggest a more primitive type than the Helleboreae, 
They ha%;e not, however, been so' exhaustively studied as has the 
latter tribe. Wo' may distinguish several groups. The first com- 
prises herbaceous plants, rarely shrubby, with palmately 
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or rarel}^ piiinatelj cut radical leaves, and a whoii of three stem-' 
leaves forming an involucre which, sometimes, as in A, Hepaticfk 
stands close beneath the flower. The flowers are usual Iv^soEhiry. 
The five, six or iiiore perianth-leaves arepetaloid; true petals are 
absent and there are numerous stamens (according to Sciirodi-iiger 
ill 13 rows) and carpels. The single ovule isd^eiittnidus, and io the 
siibgeniis Fidsatilla the achene is croAvned by a long hairy style. 
Wariiiing associates with A nemone the geiius Fhalictrum (M.ead(>w'“ 
me) with alternate ternatei 3 " highl^^ compound lea axis and nuiiieroiis 
small floAAxrs in corymbs or jiantete*. There is no involucre, and 
tlie perianth consists of four to fiA^e small greenish leaA^es vAiiicli 
soon fall. The numerous stamens are longer than the periaiitii, 
the ovule is pendulous (lig. 65, F) and the fruit is a small head of 
acheiies sometimes reduced to a single achene. 



lie-!. 69. Inflorescence (axillary dichasi.al cj'me) of Itanunculus acris Avitii details 
of 'Central JIoaaxi’ .shewing spiral arrangement. Stamens in yf pliyllotaxy. 
(After Eichler.) a, 6', bracteoles of central fioAver in the axil of each of which 
arises a lateral flower with bracteoles a', and ; branching is repeated 
in the axils of a', . 

A second group is represented b}^ Clematis, AAdiich differs from 
the other genera of tlie tribe in the usualij;^ A^ahuxte aestiAuition of 
the four or more petalokl sepjais, and in the opposite simple or 
compound leaves. The plants are generally shrubbj^ climbers, 
clinging b,y means of the seiisitiv'^e leaf -stalks. The fioAv^ers are 
sometimes dioecious (fig. 68). There are numerous stamcnis and 
carpels, the oA^nle is pendulous and the achene generally bears a 
long hairy persistent st3de, Avhence one of the popmlar naiiiies. 
Old Mniibs Beard, of our British species, C. Yitalba, 

. The third groiij^ includes Myosnms and A.(lonis in Ayiiicii the 
ovule is pendulous (fig. 65, C) and Banmimhis, Avliere it is erect 
(fig. 65, B). The floAvers have general^ fiv^e green se^pals folloA¥ed 
by^ five or more colonred petals generall 3 ' bearing a iiectarj'^, 
and iiiinierous spirally^ arranged stamens and carpels. liyostirus 
(Mouse-tail) includes a feAV species of small aimiiai herbs ' with 
narroAA' radical leax^es and a slender scape ending in a fluAx^er. The 
generalljyfiy^e pale 3 ’'eliow iiarroAA" sepals have a small basal spur: 
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the petals, of the same mimber and alternating with the sepals, 
have a stalk and narrow limb bearing a shallow nectar-pit; there 
are few stamens and a large number of spiralljr arranged carpels on 
ail' elongated axis (fig. 67, C). The few species of Jclomh(Pheasaiith- 
eye) are herbs wi.th much divided loaves, and solitarj^ terminal 
flowers in: which five sepals are succeeded by 8-16 j^eilow or rod 
fiat iiectar-iess petals and numerous stamens (according to 
Sefarodiiiger, 21 rows) and carpels on a convex axis. Eammculus 
is a large genus of annual or perennial, usual acrid, herbs with 
generally palmately divided leaves and solitary or cyinose yellow' 
or white flowTU's. The generally:' fiive sepals are green and fall 



Fig. 70. Emmmukis reimis. A. Upper portion of stem, x |. B. Fruit, x 1|. 

C. Acheiie cut lengthwise, x 10,* e, endosperm; c, cotyledons; r, radicle. 

(From Floi\ Jam,) 

early, the five or more petals are general^ larger than the sepals 
and bear a nectary above the base. The numerous stamens are 
arranged in' 13 row^s. The section Ficaria, re23res0nt©d in the 
British Isles by M, Ficaria (Lesser Celandine), has entire heart- 
shaped leaves, and generally three sepals and seven to eight (4-11) 
petals.^ The section Bafmchium contains w^ater- or marsh-plants 

^ Salisbury, Annals of Botany, xxxiii, 47 (1919), has recently studied the 
variation in number in the parts of the flower in this and other genera. He 
coiiciudes that the flower of Ranunculaeeae has been derived from a trimerous 
t.ype,ovhich has in many cases become obscured by multiplication of parts and 
consequent changes in phyllotaxy, or by fusion and abortion. He also supports 
the \iew that the perianth or calyx is derived from the bracts and the petals 
from the staminal series. 
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with leaves often submerged and much 'divided, soiiietimes als 6 
with entire floating leaves; the petals are white with a naked 
yellow basal gland and the achenes are wrinkled. IiitheSpearworts, 
ill Lingua and E. Flammula, iound in wet places, the leaves are 
iiiidivided. The presence or absence of a scale covering the nectary 
is a 'useful character for distinguishing species as are also the, 
cliaractors of the achene, which is variously veined, siiiooth, 
tiibercled, hispid or, as in our cornfleld species, R. arvensis.^'^e 
and spi.n e~'bearin gv. 

Tribe 3. Paeonieae. This comprises the genus Paeonia (Peony), 
with 15 species, natives of temperate Asia,., Europe and the 
Mediterranean region, with one species in Galifo,riiia. P. masctila, 
a native of southern Europe, has beco.ine established on Steep 
Holm at the mouth of the Severn. Th.e5^ are mostly herbs, 
sometimes shrubby, with deepl. 3 ^ cut leaves and large solitary 
show^y flowers. The flow^ers are acyclic or heniicyclic; in 
the former the spiral is often obvioiisi^T- conti,n,iied from the upper 
foliage-leaves, w-^liicli b.y shortening of the internodes and a gradiiaJ, 
change iii form, pass i.nto the persistent sepals, generally live in 
number, and these in turn into the large coloured petals. The 
iiideliiiite stamens occupy several turns of the spiral. The twm to 
five free carpels have a flesh}" w^all and bear along tlie ventral 
suture a double row- of ovules in wdiich the well -developed outer 
integiime,iit. exceeds the inner — a c,haracter wiiich distinguishes 

them from the rest of the ,family. I)efi,Bite nectar-secreting 

structures are...al^|TLt but there is a disc, or ring-like SAvelliiig of 
the receptacle, round the base of the carpels; the Japanese 
species, P. Moutan, is said to be pollinated b^y beetles which lick 
the disc, which is remarkably developed in this species. In thej 
W' ell-developed outer integument of the ovule Paeonia resembles j 
Berberidaceae wfith w^hieh it is classed by Hallier. It has also beeifi 
regarded as a distinct family (3). 

The flow^ers of .Ranunculaceae have in their coiispiciioiis corolla, . 
or petaloid calyx, or bright coloured stamens {Tlmlictruwt), a ready 
means of attra,ction for insects w^hich visit them, for nectar, or -, 
where this is absent,- as in Anemone (o.g. A, nemorosa), Clematis 
and Tlialicinmi, for pollen. As regards their pollination by insects, 
the flow^ers fall under tw"o heads. The common i^egiilar open type 
wdt.h easily accessible nectar or pollen, such as the .Buttercup, ' 

: invites, and, can make use of, very various insects. Generally the 
anthers of the outer stam,ens deliisce fi.rst, the immature stigmas 
being ■ meanwhile covered by the inner stamens. The stigmas, 
however, mature while the innermost anthe.rs still contain- pollen, 
so that both self- and eross-pollmation-are rendered possible. On 



148 


FLOWERING PLAISr3?S 


the other hand,: in the more elaborately constructed flowers of 
Aquilegia, Delphinium and Aconitimi, the shape of the flower and 
the position of the nectar, which in' the two former is concealed at 
. the bottom of a long spur, exclude the smaller insects, and the 
flowers are pollinated only .bj^ a few species of bees which have a 
suflicieiitly long proboscis. In other- cases cross-pollination is 
favoured by well-marked proterandiy. 

The long feathery styles on the aclienes of most species of 
Clematis and of the PiilsatiUa group of Anemone aid in the 
distribution of the fruit by means of wind. A liook-siiaped 
persistent style, or the hooked spines or tubercles on the 
surface of the achene in species of Mamincadus (as R. arvensis), 
favour dissemination by animals or birds, to the fur or feathers 
of which the fruits are able to cling. Distribution by ants 
(myrmecochory) occixrs in species of Ilelleborus; the ants are 
attracted by an oil-containing swelling (eiaiosome) on the raphe. 
A similar function is suggested for a swelling on the base of the achene 
in Anemone Hepatica^ Ranunculus Ficaria and Adonis vernalis. 

The 30 genera contain about 1200 s|)ecies wliich are distributed 
through the temjrerate and cold regions of the world, but more 
espeeiaily beyond the tropics in the northern hemisphere. The 
presence of identical or closely allied species in North America 
and Central and Eastern Asia points to a former more intimate 
relation than now holds betw-een the floras of the two hemispheres. 

Helleboreae includes 15 genera and is almost exclusively north 
temperate or subarctic; exceptions are found in some species of 
Delphinium on the Himalayas and mountains of Abyssinia, and 
in a section of Caltha, with species on the Andes, in the extreme 
south of the American continent, in New’ Zealand and in Australia. 

The eight genera of Anemoneae are, on the contrary, very wddely 
distributed, occurring in the tropics and beyond to soiitherii 
antarctic regions. Thus while the great majority of the 90 species 
of Anemone are temperate European, Asiatic or North American, 
a small section is confined to tropical East Africa and the Cape, 
another to the Cape alone, another to the Cordilleras of Chile, 
while individual species have a wdde range, such m At multi fida 
in the mountains of North America, in Chile and at the vStraits of 
Magellan. Species also occur on the Himalayas, in further India 
and' ill Tasmania. The 250 -species of Ranunculus are chiefly 
temperate, arctic, and alpine plants of the northern heniispliere. 
Ofema/M (170 species) has a wdde distribution but is rarer in the 
tfopics than ill- temperate regions. 

/ , A certain interest attaches to this 'family from its relation to the 
deveiopinent of a natural system of classification’ It w’as by a' 
careful study of the genera- that Antoine Laurent- de Jussieu w^as 
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led to appireeiate the relative value of the characters contained 
ill the number, position, arrangement and structure of the organs 
of the flower, fruit and seed. He realised that plants shewing 
■such wdde differences in the form, and structure of the floral 
envelopes as do Aconitwm, Eammmlus and CUematis ixmj .jQt 
be sufficiently similar in other points to justify their iiiclusioii 
in the same family. The clue to a natural system, that is, one 
which brings together the most closel}^ allied plants, lies in the 
discrimination betiveen important and subordinate characters. 
Thus in Raniincuiaceae we ,fij,id, associated iritli considerable 
variation in other features, free h^-pogynous peri aiitli. -leaves, 
iiiimeroiis stamens, a sujierior ovary and seeds with copious eiidO" 
sperm in which is embedded a minute straig.lit embryo. Wit.h 
rare exceptions the carpels also are free. 
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Family VIII. BERBERIDACEAE 

Flowers bisexual, generally cyclic, regular, liypogynoiis, 
3~ or sometimes 2~merous. Perianth of two to four whorls, 
generally differentiated into a calyx and corolla, often suc- 
ceeded by two wdiorls of ''honey-leaves.’’ Stamens generally 
ill two whorls, rarely more: anthers with generally valvate 
dehiscence, sometimes longitudinal. Carpel generally solitary; 
ovules numerous to feiv (rarely one) on the ventral suture 
or solitary at its base; integuments twu, the outer stro.iigly 
■developed and longer than the inner. Fruit a berry or 
variously dehiscing, rarely 'an achene. Seed coiitaiiiiiig' a 
copious endosperm- and a generally small, stra.iglit embryo; 
an aril of various' fo.rm is sometimes present. 

Perennial herbs or shrubs with simple, or eoiiipoiiiid ex- 
■stipulate leaves and flowers ■ (often yellow) solitary or in 
raceme-like cymose inflorescences. 

Genera 9 ; species about 150. Chiefly in the north temperate 
zone. ' 
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There are two ■well-marked subfamilies, Podopliylloideae 
arid Berberidoideae. 

Subfamily Podophylloideae. Characterised by flowers 
without honey-leaves, and foliage-leaves which are not 
piniiately divided, Hydrastis has two species, natives re- 
spectively of Atlantic North America and Japan. The thick 
'yellow rliizome of H. canadmsis contains the alkaloid hydrastiii. 
The plant is a low perennial herb and sends up each spring 
a single long-stalked palmatety lobed radical leaf and a 
simple stem bearing two leaves beloiv the single terminal 
greenish-white flower. The flower has three petal-like caducous 
sepals, no petals, and numerous stamens and carpels; there 
are two ovules on the ventral suture of each carpel, and the 
fruit is a head of crimson l“2-seeded berries. The genus is 
of special interest as suggesting a hnk between this family 
and Ranunculaceae in -which it has also been included (in 
the tribe Paeonieae). In habit it resembles Podophyllum, as 
also in the trimeroiis perianth, while the numerous stamens 
(with longitudinal dehiscence) and carpels indicate its 
affinity wdtli Ranunculaceae. The sympodial rhizome and 
manner of growth are characteristic of the subfamily. Thus 
in Podophyllum peltaUmi, the May Apple of the woods of 
Atlantic North America, the stout rhizome bears each season 
a large round seven- to nine-lobed umbrella-like leaf, and 
flowering stems bearing two smaller leaves, from the fork 
of which springs a nodding white flower. Other species occur 
in the Himalayas and Eastern Asia, and have solitary or 
eymose flowers. The flower is trimerous, the two outer whorls 
are sepaline and fugacious, the tw^o inner (rarely more) large 
and petaloid and there are six to nine stamens with valvate 
dehiscence of the anthers. As in the rest of the family, there 
is a single carpel which bears numerous ovules on a well- 
developed placenta. :The fruit is a many-seeded berry ; each 
seed is enclosed in a pulpy aril-like development of the 
placenta. The allied genera^ Jeff ersonda and Diphylleia hiSbYe 
each one species in Atlantic North America and another in 
Manchuria or Japan. Achlys, with one species in Pacific 
North America and another closely allied to it in Japan, has 
no perianth, nine stamens, and carpels with a solitary basal 
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ovule forming an acliene in the fruit. The rhizome of Podo- 
phyllum peltatum yields the drug podophyllin, a combiiiatioii 
of a resin and a gliicoside. 

Subfamily Beebeeidoideae. Honey-leaves are present 
in the flower, and the foliage-leaves are piniiately compound 
or simple. Berheris and Makonia (often united in one geuiis, 
Berberis) are shrubs bearing raceme-like inflorescences of 
yellow flowers on short lateral shoots. In Berberis the leaves 
are simple and on the elongated shoots are often reduced to 
simple to five-partite thorns; Malioma has piniiately com- 
pound leaves. The flowers are trimerous; one or two outer 
whorls are sepal-like, the next is larger and petal-like ; then 
follow two ivhorls of petal-like leaves with a pair of nec- 




Fig. 71. Berberis vulgaris. A. Floral, diagram. B. Vertical section of iiower; 
a, anther dehiscing; (7, nectary; o, ov-ary shewing one OTiiIe. 0. Vertical 
section of seed, shewing embryo surrounded by endosperm, B and C enlarged. 
(After Le Maoiit and Decaisne.) 

taries above the short clatv. The six stamens have anthers 
ndth valvate dehiscence. The fruit is a one- to few-seeded 
berry. The numerous species (together about 200) are 
widely distributed in the- north temperate zone, and spread 
, from North America through Mexico along the chain of the 
Andes to ' Tierra-del-Fuego. Berberis vulgaris (Barberry) is 
native in England in copses and hedges; other species are 
well known in cultivation. 

In *tlie remaining genera the inflorescence is terminal 
Nmidma domestica> is a Chinese- Japanese shrub witli, large 
bi-to tri-pimiately compound leaves, compound inflorescences 
and trimerous many-whorled flownrs. The carpels contain 
two ovules on the ventral suture. The remaining genera are 
perennial herbs. 
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' Efimedkmi has ternate or highly compouiicl leaves and 
simple or compound inflorescences of generally dimerous 
flowers ; one to three whorls are sepal-like, two larger and 
petal-like, then follow two whorls with nectaries ind-he form 
of a pit or a spur. The' carpel contains numerous ovules on 
the ventral suture, and the fruit is a two-valved capsule. The 
seeds bear a membranous aril. There are about twelve species 
which occur in southern Europe, temperate Asia, and western 
North America. Lmntice, with about twelve species in the 
north temperate zone, has racenie-hke inflorescences of 
yellow trimeroiis , flowers, and frequently a large tuber-like 
rhizome ; the fruit is dry, dehiscing more or less irregiilaiiy. 

In Berberis and Ilahmiia the filaments of the stamens are 
sensitive to contact, springing inwards when touched. 

The common Barberry was one of the flowers figured and 
described by Karl Sprengel in his work on the mechanisms of 
flowers and their relation to insects. S|)rengei thought the irrita- 
bility of the stamens, causing them to spring inwards when 
touched, was a device to ensure self-pollination. Hermann Miilier, 
however, shewed that although self-pollination maj?- ultimately 
ensue, we probably have here a means for promoting cross- 
pollination. The flowers are made conspicuous by the three large 
bright yellow petals. The six honey-leaves have each a pair of 
large nectaries jnst above their base. As the flower opens the six 
anther-filaments bend outwards and come to lie each op>posite 
the middle line of a honey-leaf. The nectar collects between the 
stamens and ovary and a bee in search of it will touch with its 
proboscis the adjacent bases of two filaments. Tb© anthers 
open as soon as the petals expand, the little valve moving up 
and rotating at the same time so that the masses of pollen wliicli 
it carries with it come to face the centre of the flower. When the 
stamens are stimulated by the touch of the bee, they spring 
inwards and the pollen- bearing valves strike the insect’s head. 
As the stigma is represented by the papillose sticky edge of the 
disc surmounting the ovar^^, the bee, on visiting the next flower, 
will probably -deposit on the stigma some of the pollen derived 
from the last. It is interesting to note that in the position a^umed 
by the stamens as a result of irritation, the pollen-bearing valves 
are above, not on, a level with, the stigmatic ring. . Miiller observes 
that, failing .insect- visits, self-pollination is possible, the masses 
of pollen coming into contact with the stigma by the bending 
inwards of the anthers as the flowers wither. He also states that 
hive-bees after being. once struck by the springing inward, of the 
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stamens do not. probe the same flower again but fly im.m.ediateiy 
to another. Humble-bees , on the contrary, were observed to thrust 
the proboscis again and again into the same flow^er,, in which 
case doubtless some pollen was placed on the stigma of its own 
flower. 

The cotyledons are carried up in germination and become green ; 
in Podophyllum and Leontice the long stalks are niiited and the 
plumule breaks through laterally, as in several species of Eaiiiin- 
ciilaceae. In the stem of Podophyllum, Diphylleia and Leofitke, the 
arrangement of the vascular bundles is very irregular in trails-' 
verse, section. These monocotyledonous characters associated 
with the trimery of the flower have suggested a.- phyioge:iietie 
relationship with the Monocotyledons as a group. Hallier finds 
in the Berberidaceae the origin of the Angiosperms as a whole, 
both Monocotyledons and Dieotjiedons, the former having a 
distinct line of descent. 

Apart from these larger cjnestions, there is general agreement 
as to the affinity of Berberidaceae with Ranii.nculaceae, in -W-liicli 
trimery of the flower is- often seen in ErcmPiis, and it in,ay 
further be pointed out that a trimerous arrangement nia-y easily 
he derived from the f arrangement of the perianth-leaves which 
is a characteristic of the Raniinculaceae. 

Family IX. LARDIZA.BALACEAE 

A small family with 11 species in 7 genera, in the Hinialayaii 
region, Eastern Asia and Chile. With the exception of the mono- 
typic Himalayan Decaisnea — an erect tree-like shrub with very 
long pinnate leaves — the plants are lianes with pahnately coni- 
l^oiind leaves. The flowers are racemose, rarely solitary, regular, 
trinieroiis, and often unisexual hy reduction of the stamens or 
carpels. Ahebia quinata, a Japanese species frequently cultivated 
in gardens, has three brown-purple perianth-leaves, no ‘'honey- 
leaves,*' and two wffiorls of free stamens* or carpels. In Lardizabda 
•(Chile) the plants are dioecious; the fl.ow^ers have six coloured 
perianth-leaves, six smaller honey-leaves, six stamens united hy 
their fila].ne!nts (rudimentary i.n the female fiow-er) a,n.d three free 
carpels (rudimentary in the male flownr)'. 

The stamens dehisce- extrorse.ly by longitudinal slits. The 
carpels, wiiich are ahvays free, contain numerous anatropoiis ovules 
sessile in iongitudiiial row’s on the side •walls of the the 

■ovules have twn integuments.- The fru.it is. a berry, soiiietiiiies 
opening on the inside; the seeds 'Contain a copious endosperm and 
a small straight embryo. The juicy beny is often edible, as i,ii 
Ahebia quinata. 
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Fig. 72. Hi/perbaem domingensis, A. Portion of stem with flowers and ripe 
fruit, X B. Male flowm' with one of the interior sepals bent back, x 10. 
C. Stamen, x 30. D. Female flower, x 10. E. Pistil from female flower, x 60. 
P, G. Embryo, x f ; c, cotyledons; r, radicle. (A, F, G after Miers; B-E after 
Eichler.) {fmm Flon Jam,) 



Fig. 73. , Gissampelos Pareira. A. ' Male inflorescence, x f. B. Male flower in 
section, X 10. 0. Female inflorescence, x 6. B. Female flower in section, 
X 12. E, Bmpe cut lengthwise, X 4; c, cotyledons; e, endosperm; f, radicle. 
(After Bafllon.) (From F/or. Jnm.) 
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, Family X. MEXISPERMACEAE 
All important tropical family with about 70 genera and 
300 species. A few genera pass into the north temperate zone 
in North America, the eastern Mediterranean region and 
Eastern x4sia, and also into the south temperate zone. Fossil 
species from Tertiary beds in Europe and North America 
indicate a former more extended northerly range. 

The plants are generally lianes with simple lobed |)aliiiately 
veined leaves and small dioecious flowers in axillary racemes. 
Rndimentary stamens or pistils are generally present in the 
female or male flowers respectively. The flowers are cyclic, 3- 
or sometimes 2mieron.s,and general^ regular, with two whorls 
each of sepals, petals, and stamens (fig. 72); the petals, which 
may be compared with the ' honey -leaves of the previous 
families, are smaller than the sepals and sometimes absent. 
Increase or diminution in the number of the sepals and 
stamens occurs, and occasionally union of the parts in calyx 
and corolla, more often in the androeciiim ; in Gissainpelos 
and allied genera the stamens unite completely, forming a 
central column (fig. 73, B). The carpels are free and three or 
rarely more, sometimes solitary, with a single liemianatropoiis 
pendulous ovule, with two integuments, on the ventral suture. 
The fruit is a drupe, the apex of which through strong dorsal 
growth often approaches the base. Endosperm is present, 
sometimes ruminate, or absent; the embryo is often bent. 
In Cissampehs (fig. 73, D) the female flo^ver is remarkably 
zygomorphic, having a single sepal, twm often united petals, 
and a single carpel. 

As frequently occurs in climbing wmody plants, abnormal 
secondary growth is characteristic of many genera. After 
the first or second year’s growth the original canibiiiin ceases 
to function, and its place is taken by a ring of meristein in the 
cortex in which new collateral bundles are formed. Repetition 
of this process leads to the formation of concentric rings of 
bundles. 

Family XL NYMPHAEACEAE 
Flowws bisexual, regular, hypogynous to peiigynoiis, acyclic, 
hemicychc or cyclic. Perianth-leaves free, six to iiidefinite, 
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generally differentiated into a calyx and eorolia, the petals 
often passing into the stamens (6- oo ). Carpels 3-oo , free or 
united; ovules l-oo on the inner walls of the carpel, each 
with two integuments. Seeds often arillate, generally with 
both perisperm and endosperm; embryo well-developed with 
fleshy cotyledons. 

Water- or marsh-plants -with generally submerged or 
floating leaves and large showy solitary flowers. 

Genera 8; species about 53. Cosmopolitan. 

The cotyledons are hypogeal; in germination the plumule 
elongates and bears first an awl-shaped leaf (except in 
Nelmnbo, where the adult peltate form is at once assumed) ; 
this is generally followed by lanceolate, sagittate, or ovate 
submerged leaves which precede the development of the 
adult floating form. In Gabomba a pair of awl-shaped first 
leaves is succeeded by a decussating pair of the characteristic 
much divided submerged leaves. The stem is a rhizome 
which is short, thick and erect, as in Victoria, where it lives 
for a few years, and in Euryale for one year ; or a long-lived 
branched rhizome creeping in the mud, as in our native 
Xiiphar and NynijjJiaeq, The vascular bundles have the 
woody elements much reduced ; in the absence of cambium and 
in their scattered arrangement in the parenchymatous ground- 
tissue they recall the arrangement characteristic of Mono- 
cotyledons. Laticiferous vessels are present. So-called 
stellate hairs, or radiating supporting cells, frequently occur 
in the angles of the walls of the large intercellular spaces, 
especially of the leaf -stalks. 

The family falls naturally into three subfamilies, two of 
which, Cabpmboideae and Nelumbonoideae, have free carpels, 
whilst in the third and largest, Nymphaeoideae, the carpels 
are united. Nelumbonoideae, which contains the single genus 
is distinguished by the fact that except fora thin 
membrane; of endosperm the embryo completely fills' the 
seed; in the other two subfamilies both' endosperm' and 
perisperm. are present. 

Subfamily 1. Cabomboidbae. Contains two genera, 
Gabomba daiA Brasenia, Gabomba has four species in the^ 
■warmer parts of America. The erect sympodial rhizome bears 
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closely arranged scale-leayes in the. axils of which arise long 
floating stems which bear decussating deeply cut submerged 
leaves, and, at the fluAvering period, spirally arranged peltate 
round floating leaves. The floAvers originate laterally, and 
Raciborski(i} compares the relation of leaf and lioA?er Avitli 
that- obtaining betAveeii the leaf and tendril in the Vitacea-e. 
At the groAAdiig point of the stein, leaf~}3riiiiordiio:ii and 
floAver-priiiiordium originate alternately in spiral succession ; 
later the internode betAveen each pair of primordia elongates 
so that leaf and flower stand at the same level. Vegetative 



Fig. 74. Nehimboluiea. A. Leaf, x-|-. B. Flower in section, x C. Anther, nat. size. 
B. Carpel detached, with ovary cut lengthwise, x f. E. R.eceptacle in ripe 
fruit, X J-. F. Fi’uit cut lengthwise, nat. size; e, plumule; p, cotylecioii. (Froni 
Flor.Jam.) 


buds are developed in the leaf-axils. The cyclic floArer lias 
three sepals, three petals alternating AAuth these, tlirc^e to six 
stamens and usually (tAAm or)- three free carpels. Sepals and 
petals are yelloAA^ in the Avidely distributed (7. aqtiaf/ka (Mexico 
to South Brazil) AAliich has proterogynous floAAers, Avliite in 
G, carolmiana (south-eastern United States) and red-violet 
in the other species. A feAv ovules are borne on the sides of 
the carpels. The fruits are indehisceiit pods Avhicli contain 
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generally three pendulous seeds. The embryo is siirroiinded 
by a small layerof endosperm, and there is a copious perisperni. 

Brasenia contains , one species,. B. purpurea, which is 
cosmopolitan outside Europe, and is represented by fossil 
species in the Tertiar}^ strata of Europe. In habit it resembles 
Cabomba, but the stems bear only the peltate floating leaves. 
The trimeroiis calyx and corolla are followed by numerous 
stamens and six or more carpels. The young shoots are 
covered with a remarkably thick coating of mucilage which 
protects the stem and lower, leaf -surf ace from contact with 
the water until the cuticle is developed. 

This siibf amity recalls the Raiiimculaceae in its small’ 
flowers with free, hypogynous parts and in its fruit; and in 
the dimorphic leaves of Oabomba, the Batrachmm section of 
Eammculus, 

Subfamily 2. Nelumbonoidbae. Contains the single genus 
Nehmibo (fig. 74) ^vitli two species — N, hitea, with yellow 
flowers in Atlantic North America and southwards to Columbia, 
and N. nucifera, vdth rose-coloured flowers, in the warmer 
parts of Asia and north-east Australia — the sacred lotus of 
the Hindu. The long-stalked concave poTfhte leaves and 
large show}^ flowers are carried high above the water. The 
numerous free perianth-leaves and stamens are arranged 
spirally beneath a large obconical receptacle, in the flat upper 
surface of which the numerous carpels are buried, each in a 
round pit. Each carpel contains a pendulous anatropous 
ovule on the side towards the axis, and ripens to an iiide- 
hiscent nut with a very hard pericax’p, completely filled by 
the embryo. The embryo (Lyon (2)) consists of two large 
white fleshy hemispherical cotyledons between which lies 
a well-developed green plumule enclosed by a thin membrane 
of endosperm. Opposite the plumule is the radicle wHcli is 
functionless, its place being taken by adventitious roots 
developed on the plumule. The two. cotyled.pns originate 
round the base of the plumule in the form of a ring which 
later becomes two-lobed. This mode of origin has. given rise 
to the suggestion that Nelumbo has only one cotyledon. 

. Subfamily 3. Nv'mphaeoidbae., ' Contains five genera' 
characterised .by the union of ■the carpels into a single, many- 
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cliailibered ovary bearing above a flat radiating stigma; 
the flowers are liypogynous, perigynoiis or epigyiious. Nuphar 
lias seven species in the north temperate zone; N,. lutemn is 
"oiir Yellow Water-lily. The rootstock creeps in the mud and 
bears large thin crumpled submerged leaves, without stomata, 
and roundish fl,oatirig leaves with a deeply two-lohed base, 
bearing stomata on the upper face. The yellow floorers arise 
ill the axils of small bracts and are few in iiiiiiiber compared 
with the leaves. The five large yellmv sepals have a f arrange- 
iiieiit, the small scale-like petals, whicdi bear* a nectary on 
the back, are numerous, arranged in a spiral, and pass 
into the numerous stamens, above which rises the large 
syiicarpoiis pistil formed of numerous (10~16) carpels wdtii 
as' many chambers, anji ray-like stigmas coiTespoiidiiig with 
the middle line of each carpel. The numerous ovules cover the 
side-Avalls. In the ripe fruit the internal parenchyiiiatoiis 
tissue contains intercellular spaces filled with air. The fruit 
ultimately bursts by the swelling of mucilage, the outer rind 
is pushed off and the parenchymatous tissue of each carpel 
protrudes and is set free ; it floats in the water and is carried 
by currents. The small seeds contain a small embryo at one 
end embedded in a scanty endosj)erm belo w which is a copious 
perisperm. 

Nympliaea contains 32 species in warm and , temperate 
climates; N. alba ifi our White Water-lily. N. Lotus, aiiother 
wdiite-flowered species, is the lotus-flower of ancient Egypt. 
Other species have red or blue flow^ers. The short stout hori- 
zontal rhizome bears the large floating leaves and extra-axillary 
flow^ers w^iclitake the place of a leaf in the spiral development 
at the growdng-point. The first developed leaf , in the seedling 
is awi“Shaped, succeeded by lanceolate to elliptical leaves, 
and later by the characteristic adult orbicular or oval foriii. 
In some tropical species the low^^er end of the. rhizome becomes 
covered wdth cork and forms- a resting tuber wdiich persists 
during periods of drought.' The four sepals are follovred by 
numerous spirally arranged large ’ spreacliiig petals wdiich 
pass gradually into the numerous stamens, and, like these, are 
perigynoiis, apparently springing from the sides of the ovary. 

, The number of 'Carpels is very variable (5 to 35). They are 
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sunk in tlie receptacle with the upper half of the ventral 
suture, forming the roof of the ovary-cavity, exposed and 
bearing the stigniatic papillae, and the lower half fused with 
the central axis. -The back of each carpel is more or less 
prolonged into a stylar process (fig. 75, E). An indication 
of an apocarpous ancestry is found in the varying degree 
of lateral union of the carpels; in® some species the walls 
between the cells of the ovary consist of distinct lamellae 
wliicli easily separate but generally the tissue of the 



Fig. 75. N ymphaea cmmTMmmi. A. Leaf, x |-. B. Unopened flower, x C. Mower, 
x |-. I). Stamens shewing variation in form from the innermost to the 
outermost, X |. E. Ovary shewing scars of petals and stamens and bearing 
the stylar processes, xf." E. Ovary cut across, xf. (After Conard.) (From 
Flor. Ijmn.) 

partition is continuous. The ovules are numerous, as in 
NupJiar. The fruit, which forms a spongy berry, ripens 
beneath the surface of the water, where it is drawn by the 
spiral twisting of the flower-stalk. It dehisces regularly by 
swelling of the mucilage' which surrounds the numerous 
seeds; the seeds rise to the surface, rendered buoyant by air 
which is enclosed within a fleshy aril. The structure of the 
seed resembles that of 
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Two genera, Etmjale (one species- iii' Eastern. x4.sia) and 
YieMfia (two species in tlie Amazon district), are distiiiguislied 
by their completely epig^mons flowers and the copious develop- 
iiieiit of prickles on the surface of the organs. The best known 
species, Victoria regia ^ has leaves six to seven feet in diameter 
and flowers to a foot or more across. It grows in the back- 
waters of the Amazon, often covering the surface for miles. 
The seeds are eaten and known as mais del aqua. The flowers 
are extra-axillary but enveloped when in bud by the strongly 
developed stipule of the adjacent leaf. 

Both self-pollination and cross -pollihatioii are kiio-wn to occur. 
Ill some cases, as in. a small group of species of the genus iV //'/// phaea 
inhabiting tropical Ani.erica, the anthers burst and, polliiiaUon 
takes place before the flowers op©.n'. The efficacy of se,lf-prjlinia.tion 
ill these plants is evident from the fact that ten- to thirty thousand 
or more perfect seeds are formed in a- single fruit. The fiow^crs open 
at night, and in one case, Nyniphaea. cmiazonfumi^ re.iiiain open, o,!il,y 
for 20 to 30 .minutes. Nyrapkaea alba m also self •pollinated, the 
innermost stamens opening flrst, while the stignn in still in a 
receptive condition. Other species of the sa-nic genus in •whicli 
the outermost stame.ns are the*'fi..rst to dehisce, no niapted for 
insect-po].lination, and the same applies to Nuplm/r and Victoria. 

Chok(3) has shewn that the developme.nt of the endosperm is 
peculiar. A transverse wail is formed between the two nuclei 
resiiitin.g from the first division of the endosperm-nuciens, dividing 
the embryo-sac into an upper and a lower portion. Eiidosperni 
is formed only in' the upper portion, the iow^er portion fomiing a 
liaustoriiim ‘which penetrates the nucelliis. In the development of 
the embryo the character pf the siispensor va,ries widely in the^ 
different genera and it is sometimes absent. 

The Gabomboideao, as already indicated, suggest a close 
affinity between this family and the Rammculaceae. The scattered 
distribution of the conducting bundles recalls Podopliplhmi and 
allied genera ill the Berberidaceae, with which family also the 
frequent presence of an aril in t,he seed suggests an affinity. On 
the other hand, the presence of latex in the tissues, the superficinl 
.plaGeiitation of the ovules and the large peltate-rayed stigmas 
may be compared with the Tapaveraceae, a. member- of the next 
order, Ehoeadales. 
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Family XII. CERATOPHYLLx4.CEAE 

A small family containing one genus, Ceratophylhim, with 
three species of rootless submerged water-plants with whorls 
of simple much dissected leaves and unisexual flowers. The 
hj^pogynous perianth, numerous stamens spiralty arranged on 
a convex receptacle, and solitary carpel indicate its affinity 
with the Ranales. It grows in stagnant water in all parts of 
the world. 



Fig. 76. Geratophyllum dememum, A. Portion of plant, x |. B. Male flower. 
C. One stamen. D. Female flower cut lengthwise shewing the ovule. E. Fruit. 
F. Fruit cut lengthwise; c, cotyledons; e, endosperm; p, plumule. B-F en- 
larged. (B-E after K. Schumann; F after Baillon.) (From Flor. Jam.) 

The , plants are slender fragile herbs, with the sessile ex- 
stipulate leaves dichotomously cut into narrowy linear seg- 
ments which are shallowly serrate on the outer edge. .A 
branch appears only in the axil of one leaf of a whorL' The 
flowers are solitary and axillary. The male consists of a 
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periantli of about 12 sulbiilate lobes united at the ba;Se, and 
12-16 stamens with a very short filament, large extrorse 
anther-cells, and a fleshy connective produced above the 
anther-cells and bearing two or three sharp points. The 
roiiiidish or elongated pollen-grains have only one coat. The 
similar .perianth of the female flower persists round the 
medianty placed carpel -which bears a long slender pointed 
style and contains a single ovule pe.nduIo-us from the top 
of the cell. The fruit is a nut cro-wned by the persistent style 
and beari,ng a pair of spurs or other ou.tgrowtiis at the base. 
The seed contains a large embryo, the two thick cotyledons 
surrounding a well-developed many-leaved pliiiiiiile, around, 
which is a scanty large-celled endosperm ; the radicle is very 
short. The embryology resembles that of the Nyinpliaeaceae 
in the separatio-n of the lower part of the embryo-sac as an 
haustoriiim. 

Order 2. RHOEADALES 

Allied to Ranales in the hypogynoiis fiowrms with free 
sepals, petals, and , stamens, the last being also frec|ueiitly 
indefinite. It differs in the general arrangement of parts in 
twT)s and fours and in the union of the two or more carpels 
into a one-chainbered ovary with generally numerous ovules 
on parietal placentas; or the ovary becomes bilocular by 
development of a septum betw^een the placentas; as this 
dividing wall is not pi-oduced by the ingrowtli of the ventral 
edges of each carpel but is an additional structure arising 
late in the history of development of the ovary, it is known 
as a false septu.m. The stigmas sometimes occupy the noriiial 
position above the midrib of the carpal, but are more often 
commissural, that is, placed immediately above the placentas. 
Flowers cyclic, the niembei's of successive whorls alteriiatiiig 
regularly. Seeds generally small, often curved; embryo some- 
times small in a copious endosperm, more often large and filling 
the seed. 

.Herbs with scattered entire, or more or less divided leaves 
without stipules; occurring in temperate and cold regions* 

The aiTangeinent of the parts of the flow^er in this order 
has provoked much discussion, and there is an extensive 


1 1-2 



164 


FLOWEEIKG ELAKTS 


literature on the subject. The most satisfactory view seems 
to be that adopted by ■ Celakovsk;;^ of a gradual rediictioiij 
especially in the androeciiim ; this is exemplified in Papavera- 
ceae and also in Capparidaeeae ; the subfamilies Hypecoideae 
and Fuiiiarioideaepf Papaveraceae and the family Criiciferae 
represent extreme forms of reduction which have become 
constant in each group. Resedaceae stands somewhat apart 
from the other families. 


Family I. PAPAVERACEAE 

Flowers bisexual, regular or zygoniorphic. Sepals two or 
sometimes three, imbricate, generally falling very soon.. 
Petals four or sometimes six, rarety more, regularly alternating 
in two whorls, imbricate and often crumpled in bud, deciduous, 
usually brightly coloured (absent in 'Maclewya and Bocconia). 
Stamens generally indefinite in 2> or S-'iiierous regularly 
alternating whorls, more rarely 3- or 6-merous, or four 
(HypeGoum), or two and tripartite (Fumarioideae) ; anthers 
bilocular (but see Fumarioideae) dehiscing^ longitudinally. 
Carpels two to numerous’ ovary generally unilocular with the 
same number of many-ovuled parietal placentas often more or 
less produced into the ovary-cavity, and rarely meeting in the 
centre forming a multilocular ovary, sometimes spuriously 
bilocular by a false septum joining the placentas; ovules 
anatropous or campylotropous, ascending or horizontal, rarely 
few, solitaiy from the base of the cavity in Bocconia ; stigmas 
equal in number to the placentas, sometimes distinct and 
corresponding with the midrib of the carpel (alternating 
with the placentas), sometimes forming a radiating lobed 
structure on the top of the ovary or short style, the radii 
corresponding with the placentas (commissural). Fruit 
generally a capsule opening by pores or valves; rarely hide- 
Hscent. Seeds globose or ovoid, smooth or minutely waited 
or reticulate. Embryo small in an oily endosperm. : 

■Generally herbs )Sometimes becoming shrubby' below, more 
rarely shrubs, very rarely a tree {Bocconia), with alternate, 
entire or more often lobed or cut leaves; latex-containing, 

, sacs'. 01 : vessels . often .present. Flowers often showy, solitary 
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at the end of the main and lateral shoots, soinetitoes forming 
diohasia or iiiiilateral cymes. . . : 

Ci-eiiera 28 ; species ahont 600; /^mostly northern' extra- 
tropical. 


The genera fall into distinct subfamilies,: Papaveroideae 
and Fiiiiiarioideae. The latter has been regarded as a 
distinct family, Fumariaeeae, but the two groups have 
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Fig. 77. A. Flower of Papamr Mhoeas in vertical section, slightly reduced 
B. Fruit of same, slightly reduced. C. Fruit of Platystenion caUfomims, 
slightly enlarged. D. Flower oi Funmria ojjicimlis; mpalt x4. E, Same 
in vertical section ; nectar-secreting spur of stamen. F. Fruit of same, x 6. 

G. Floral diagram of F'mnaria. H. Floral diagram of Hypecmim. ( A-E after 
Baillon; G, H after Eichler.) " 

important characters in common and are, moreover, con- 
nected by an intermediate genus, Hypecotm, which may' be 
regarded as representing a third subfamily. 

: Subfamily I. Pafaveroideae. Flowers regular, petals 
not spurred, rarely absent; stamens generally iiiimeroiis,. 
free; carpels two dr many. Herbs, vshriihs or rarely treem 
with S' milky or hyaline juice, and entire or piiinately oi’c 
leaves. The androecium shews remarkable variation both ves 
the number, and the arrangement of the members ijiative 
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and some other species. The long curved pod is a distinctive 
feature ; it' is formed from' two carpels, and becomes , two- 
chambered by the formation of a septum iiiiitiiig the two 
parietal placentas. It dehisces when ripe by the separation, 
from above downwards, of the walls of the carpels from 
the placentas, forming two long narrow valves. Ohelidoniuni 
has a single species, a native of the eastern northern hemi- 
sphere from Europe to Japan; in Britain it is a doubtful 
native. It is an erect branching perennial herb with much 
divided leaves and a yellow juice. The rather small yellow 
'flowers are umbellate. The fruit as in Glaucium is the product 
of two carpels, and is a long narrow capsule, with no septiiiii, 
splitting by two thin valves from below^ upwards. The seeds 
are mjniiiecochorous, having an appendage on the raphe, vfliich 
functions as an elaiosoine and is attractive to ants. 

V Eschscholtzia^ a genus of the Pacific states of North America, 
Its characterised by its perigynous flower, sepals, petals and 
! stamens being elevated on a cup-like projection of the floral 
axis, the bicarpellary ovary springing from the bottom of the 
cup. The two sepals are coherent and are pushed off in the 
form of a cap b}^ the grow'th of the petals. 

Platystemoii, a genus confined to Pacific North America, 
is*Ff special interest as indicating a passage from the last 
order, Ranales. The floral axis is somewhat depressed and 
bears on its edge a trimerous calyx followed by a corolla of 
tw'o alternating trimerous ^vhorls. The numerous stamens are 
in several whorls and the pistil is formed of many carpels 
united laterally to form a miiltilocular ovary but free in the 
upper style-bearing portion; the style is a continuation of the 
middle line of the carpel and bears the stigma. In the ripe 
fruit the carpels become separated (fig. 77, G). The trimery 
of the perianth, which oecms also in other genera of the 
i subfamily, and especially the incomplete union of the carpels, 
suggest an affinity udth the Ranales. 

In two closely allied genera, Madeaya (China and Japan) 
and Bomonia (fig. 79) (Central and South America, and West 
the corolla is absent and the small flo-wers are arranged 
in niany-flowered compound- racemes. As in C%didonkm,,iM 
two valves, of. the .frxiit.. separate- completely: (fig* 79, Er'E);, 
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FiG', 78. Argemmie fmxicmia, A. Upper portion of plant with, bud, fruit a.iici 
flower, X f. B. Sepal, x f. C. Pistil -cut lengthwise, x I). Pisti! cut across, 
x2'|. E. Ripe capsule, x |. E, Seed cut lengthwise, x 4; e, endosperm; 
c, eotyledons; r, radic'b. (After A. Gray.) (From Flor, Jam.) 



Ficx 79. Bocmnia JrutescMis, A. Leaf, x J, B. Portion, of infi.orcsctiiC‘/B^" 
C. Fiower-bud, x2. D. Flower just opening with one sepal re,mov|l 

E. Fruit mth one valve gone; note- oblique aril enveloping base ol/^ 

F. ' Fruit with both valves gone, x2. ■ G, Seed cut lengthwise, 

Flor, Jam.}: 
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tiie seed (solitary in J?occom*a) lias a basal arillaiy appendage* 
The five species of Bocconia include great diversity of habit ; 
one is an aiiiinal herb, others are .more or less shrubby, and 
B. arbor ea is small tree, 

' Subfamily 11. Hypecoideab. The flower is dimerous and 
syiiirnetrical (fig. 77, H) with four stamens, one. opposite 
each petal ; the outer petals are generally trilobed, the inner 
tripartite (except in Pteridopliyllum), The bicarpellary ovary 
forms a long pod which generally becomes divided by late 
developing transverse septa into one-seeded Joints which 
* separate when ripe. Annual or perennial herbs vdth pinnately 
cut leaves. Latex-containing vessels are absent. The genus 
Hypecoum contains 15 species in the Mediterranean region. 
Central Asia and China. Pteridophyllmn, with a single species 
in Japan, differs in having entire petals, the inner median 
pair slightly narrower than the outer. 

,,^^Subfaniily III. Fumarioidbae. Distinguished from Papa- 
veroiSeie By the ihafEed^dTsiTmiS between the two whorls 
of petals, by the saccate or spur-like development at the base 
of one or occasionally both of the outer petals, and by the two 
tripartite stamens in the transverse plane (fig. 77, G). They 
also differ in the absence of latex, but have oil-containing sacs. 
The plants are herbs with scattered pinnately much divided 
leaves, by means of which they often climb. Bsimazm' capreo-‘ 
lata and F. officinalis, for instance, climb by means of the 
petioles, while the British species of Corydalis {G, clavioulata) 
has branched tendrils terminating the leaf-stalks. 

The relatively small flowers are borne in racemes which are 
terminal on the stem and branches; sometimes through the 
stronger growth of the axillary shoot they appear to spring 
from opposite the leaves. The bracts are sometimes suppressed, 
an occurrence which becomes a constant character in the 
next family. 

The closed flownrs are in striking contrast with the open ones 
of Papaveroideae and are associated with a difference in the 
method of pollination, which is here effected by nectar-seeking 
while the. much, smaller amount of pollen is placed in a 
in position. The two sepals are reduced to small scales and 
. , , ^on fall (fig. 77, D, s), ' The outer pair of petals ' are large' and 
w o % ‘^^^j.ess completely enclose the rest of the flower ; in Fumana 
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form a tube, and .one of them is developed at tlie base into 

sac-like spur (fig. 77, E). In Dicenfra they arcviii tliefonii of 

alyre/aiidf both having a broad saccate base, the flower is syniiiietri- 
cal. The innen' pair of petals are smaller; they closely envelop tlie^ 
stamens and with their adhering hood-like npjaer portions forni 
a cap, over the anthers and the central stigma. The micldio ' 
division of each stamen bears a perfect anther with two chambers, 
the two lateral divisions each a half-anther with one chamber. At 
the base of t.he common filament is a nectary, on each side of tlie 
floweiyin on that side only which bears the s|')ur in 

FummuiS^E' "^7, E, n). The nectar-seeking bee, in thrusting its 
proboscis down into the nectar-containing sac or spur, displacers 
the hood-like apex of the inner petals and exposes the ]x>lleii- 
covered a,nthers. It thus gets dusted with pollen, so,nie of which, 
ill a subsequent vis^to another older flower will be transferred 
to the stigma. x/ 

111 Gorydalis mva, cross-pollination is essential, since, as Hlltlev 
brand has shew.n e.xperimeiit, the fiowers are sterile to their 
own pollen, and but very slightly fertile to pollen from another 
flower of the same plant, and onl.y thoroughly fertile when im- 
pregnated with pollen from a different plant. In connection with 
these facts it is of interest to note that the bees habitually go from 
bekiw iipw'ards on each plant, and thus tend to bring pollen to the 
lower and older flow^ers of one plant from the iijiper younger ones 
of another. The small flowers of Fumaria. on the contrary, are 
fertile with their own pollen, and the inconspicuous-flowered 
species, at any rate, are very sparingly visited by insects and. 

. generally self -pollinated . 

Two explanations have been offered of the unusual character 
of the androecium. De CandoUe suggested that the two 
half -anthers belonged to a pair of median stamens, such as are 
present in Hypecoiim, ench of which had become split, the halves 
being displaced right and left to become attached to the lateral 
stamens. The theory suggested bj?- Asa Gray is, how- ever, more prob- 
able, as' it is borne out by the history of development of the aiidroe- 
ciiini. He regarded each lateral group as a single stamen which 
has , become tripartite, and this view^ is supported by the fact, 
that the whole structure proceeds from a single protu,berance on 
the floral axis; an, analogy is afforded, by the tripartite petals of 
^Hypewtim. 

The flowers of Gorydalis and Fwnimia, with, their lateral 
spur, are of interest as an example of that rare form of ^r.ygo- 
'.morphy in which the plane of syrmmetry passes, thro ugh the 
transver,se„,.„and..not, as usual,’ thi*oiigh ' the ,nie(iian plane. . 
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: The ovary is oiie-celled with parietal placentas and develops 
into a two-valved many-seeded capsule ; in 
there are only two ovules, and the fruit is an indehiscent one- 
seeded niit (fig. 77, F). Manj^ species of Gorydalis are inyrnieco- 
choroiis, the seeds bearing an appendage of the raphe which 
fiiiictioiis as an elaiosome and is attractive to ants. 

Several species of Gorydalis and Dicentra have only one 
cotyledon, and associated with this is the formation of a 
subterranean tuber or a rhizome bearing fleshy scales. In 
Gorydalis cam> the tuber originates from the swollen liypocotyl, 
in (7. solida it is the thickened root. 

The five genera contain about 150 species spread over the 
north temperate zone ; a large number occur in the Mediter- 
ranean region, 

■ Family II. CAPPARIDACEAE 

There are about 450 species in 40 genera distributed 
through the warmer parts of the world and including herbs 
and shrubs without latex, with alternate simple or palmately 
compound leaves mth or without stipules, and solitaiy or 
racemose flowers subtended by a bract but wdthout bracteoles, 
I As the structure of the flower indicates, the family occupies 
ian intermediate position between Papaveraceae and Crucif erae. 
The most reduced type of flower is illustrated by Gleome 
tetrandra (fig. 80, A) ; there are two outer median and two 
inner transverse sepals, four petals arranged diagonalij^ and 
four stamens alternating mth them ; the ovary is bicarpellary , 
This may be compai'ed Avith the plan of flower typical for 

: Gruciferae. Numerous variations from this plan arise by 
multiplication of the median stamens only or of both median 
and lateral, and by conversion of one or more stamens into 
petaloid staminodes ; or suppression may occur. Thus in 
[Gleome' spinosa (fig. 80, B) the horizontal plan of floww 
; resembles that of Crucif erae, but the stamens are never tetra- 
'dynamous in Capparidaceae. The numerous stamens of 
' Oapparis arise by serial as well as lateral splitting of the four 
. h^nents.; This,' type of flower is regarded by: Celakovsky' as 
, the hrore primitive, similar reduction having taken place 
.fill this family to what has occurred in Papaveraceae. 
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Aiiotlier characteristic feature is the clevelopmerit , ef an 
iiitemode between petals, and stamens (aiidrogy.iiopho,re) 
or especially betA¥een stamens ' and pistil (gynoplitore) 
(fig. 81 , B), the pistil often projecting eonsiderably beyond. 



A B . 0 

80. Morn.1 cl hi-ji' rains of Oleome tefrandra; B, V. sphwmi; C, Folmiis'ki 
ip’ttrcniem; d, disc. (After Eicliler and Pax.) 



Fig. SL (^'i/uandrojisls penUtphylla^ A. Portion of flowering liraiieh, >: n. 
B. Flower ;< ,‘L C. Ovary cut lengthwise^ x 4. I). Seed, x 7. F. Seed eiit 
j<nigthwisc 5 X 7 ; c, cotyledons; r, radicle. (After A. Oray.) (From Flm\ duin.) 

the flower. Lateral outgrowths of the axi,s are also frequent 
ill the' form of si¥ellings,. discs' or' tubular structures, 
■geiieralty in a iiiedia.-n position, . either inside or outside the 
corolla {-fig. 81), B, 'C);. tliese ,<hsc formations suggest affinity 
with the Resedaceae. The- various ■ deTiations from the 
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tetrameroiis ground plan result generally in the formation of a 
meclianly zj^gomorpMc- flower; the zygomorphy is sometimes 
emphasised by unequal deYelopment of members as in Ptero- 
petalum, Avhere the posterior petals are much larger than the 
anterior, or in many species of Oapparis where the hinder 
sepal forms a hood-like structure ; in Emblingia (West 
Australia) the sepals are united below forming a foiir-lobed 
calyx, while the two posterior petals form a large hood 
protecting the stamens and pistil. The sepals are generally 
free but sometimes more or less united below ; in a few small 
genera the sepals do not separate when the flower opens but 
the ''capsular’’ calyx splits lengthmse along one or both 
sides or transversely like a pyxidiuni^. Except in the ano- 
malous genus E^nblingia the petals are free. In several small 
genera the petals are wanting. 

The pistil is generally carried up on the long gyiiophore, 
and consists of two, sometimes several, carpels forming a 
one-chanibered ovary which may become incompletely multi- 
locular by the ingrowth of the parietal placentas. The ovules 
are numerous and campylotropous. The fruit in Gleome, 
Polanisia (fig. 82) and allied genera is sihquose, dehiscing as 
in Crucifei’ae by two valves, the seeds remaining attached to 
a repluni. In Oapparis and allies it is a berry (fig. 83) either 
more or less spherical or elongated. Nutdike and drupaceous 
fruits also occur. The kidney-shaped seeds are exalbuminous 
and contain a large variously folded embryo. 

Pollination is effected by insect-aid; secretion of nectar 
has been observed on the disc-formations, and dichogamy 
has been noted in many cases, the anthers dehiscing before 
the stigmas are receptive. 

The plants occur mostly in dry districts; associated with 
this habit is the frequent hairy or scaly covering of the leaves. 
Several shrubby species of Gapparis occur in the Mediter- 
ranean region;, in 0. spinosa the stipules are represented' by 
■spines; the flower-buds of .this species are the "capers” of 
economic use. 

^ Briquet, J. “La dehiscence des caiices capsulaires ciiez les Capparidacees.” 
J rcK d. Sciences i^vys. et naiurelhs, Geneve, ser, 4, xxxw, 584 (1913). 
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Fig. 82. Polanisia viscma. A. Portion of iioweriiig braneli, iiat. size. B. Piower 
with, sepals., petals and, most of the stamens removed, x 2, G. Ripe fruit, 
iiat. size. I). Seed, enlarged. (From. Fhr. Jam.) 



Fig. 83. Cralaem Tapia. A. Portion of branch shewing leaf and .fru.it, x §. 
B. Flower, xf. C. Eeeeptacle cut lengthwisse, x 5; n, androgynophore; 
g„ gynophore' D. Ovary cut lengthwise, x 5. E. Ovary cut across, x 6. 
F. Seed cut lengthwise, x l-J; c, cotyledons; r, radicle. (From Flof. Jtmt.) 
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Family III. CRUCIFERAE 

Flowers bisexual, regular. Sepals in two alternating 
diiiieroiis whorls; petals four, diagonally placed. Stamens, 
tetradyiianioiis — an ' outer pair in the transverse plane 
alternating vdtli two longer pairs in the median plane pro- 
duced by branching from _ a single origin. Carpels t\¥o, 
transverse. Ovary bilocular by development of a septum 
uniting the twn parietal placentas ; ovules generally numerous, 
aiiatropoiis or cainpjdotropous. Stigmas generally coiii- 
inissural. Fruit usually a siliqua. Embryo filling the seed. 

Generally annual or perennial herbs, rarely woody, with 
alternate leaves, and usually, one-celled, simple or branched 
hairs. Flowers in racemes, generally without bracts or 
bracteoles. 

Genera about 200 ; species about 2000. Mainly in the 
temperate and frigid zones of the northern hemisphere. 

Though a world-wide family, Gruciferae resemble Papaver- 
aceae in having their chief development in the northern 
hemisphere and especially in the Mediterranean region ; also 
in being general!}?' herbaceous plants, with scattered ex- 
stipulate leaves. Many are annuals; such for instance are 
some of the commonest w^eeds of cultivation, Cliaiiock 
(Brassica Sinapis), Black Mustard (B. nigra) and Shepherd's 
Purse {Gapsella Bm^sa-pastoris), Others are biennials, pro- 
ducing a rosette of radical-leaves in the first year, and in the 
second sending up a flowming shoot at the expense of the 
nourishment stored in the tap-root. Under ciiltivatioii this 
root may be induced to sw^ell, as in the Turnip, Rape, Sw?ede 
and others. Wallflower (Cheiraiithm Oheiri) and Scurvy -grass 
(GocMearia) are examples of perennials. 

Special means of vegetative propagation occur by , bulbils 
formed in the axils of ^ the upper leaves in De7itaria btdbif era, 
Coral-root, so called from the form of the creeping scale- 
bearing root-stock, and on the leaves of Cardamme pratensis. 

. The inflorescence is a raceme which is indefinite (that is, 
■does not bear a terminal flower), and on which both bracts 
.and bracteoles are almost invariably suppressed. Bracts are 
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oeca-sionally present and the' presence of bracteoles iiiajr 
sometiiiies be, traced in young flowers, but ■ evidence for the 
existence of the latter at some time in the history of the 
family ivS found in the .position of the outer whorl of .sepals, 
wliieli a.re niedian and not lateral as we should expect theiB: 



.Fig, 84. Nf-hsiurtlmn foiitarmw,. A. Leaf ' from, base of plants xf. B. Upper 
portion of fio\\'ermg braiicli, x f . G. Flower, x 4. I>. Stamens and receptacle, 
x4. E. Siliqo a .slightly enlarged. F. Seed, x 8. G. Eiabiyo, x S. ll! Seed 
cut acre'..., c, cotyledons; f, radicle. (From Flor. Jam.) 


to be ill the absence of bracteoles. Recently E. R. Saunders •^■5 
working with the Stock. {MaUMola meana), has produced' 
evidence for the view that it is onR the free exserted part 
of the bract which has been suppressed, the basal extension 
being still formed and clothing the axis w^itli 
a ‘'deaf -skin/’ in the same manner 'as if the 
rt^gioii above the exsertioii level had attained 
full development. Another characteristic of 
the Crucifer raceme is its corymbose form i.ii 
the floiveiiiig stage. 

The flow^er bears a close .relation to that 
of the preceding famil}^ as ■ a comparison 
of the fl.oral diagrams indicates.' 



Fig*. 85. Floi’iil. dia- 
gram of a Crucifer, 
(After Eieliior.) 


New PhptoJogisti xxn, 150 (1923). 
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The regular flowers are bisexual and hypogynous, with 
four free sepals in two whorls, median and transverse, and 
four free diagonally placed petals. Whereas in Capparidaceae 
the stamens shewed great variety in number and arrange- 
iiieiit, ill Cniciferae one phase has become remarkably con- ' 
staiit, namely a pair of lateral stamens with shorter filaments 
and four median stamens with longer filaments, which, 
though generally distinct, may occasionally be seen to arise 
from a single protuberance and may even remain more or 
less united in the adult flower. This tetradyiiamous character 
of the androecium was selected by Linnaeus (it had been 
previously noted by John Ray^) as the diagnostic feature of 
one of his 24 classes corresponding with our family Cruciferae. 
The pistil consists of two transversely placed carpels, bearing 
a double row of pendulous campylotropous ovules on the 
parietal placenta formed at the two sutures; the ovary 
becomes bilocular by the subsequent production of a septum 
between the two sutures. The stigma is knob-like or two- 
lobed, the lobes generally standing in the median plane, that 
is, over the line of union of the carpels, but in Matthiola 
(Stock) and Moricandia situated above the midrib. The 
sepals are sometimes saccate at the base, especially the two 
inner; the sacs correspond mth the nectaries developed on 
the floral axis and serve as nectar-containing pouches. The 
sepals in the mature flower are relatively short and . ; 3admg, 
or relatively long and narrow, overlapping at the edges and 
forming a tube in which the slender claw^s of the petals are 
supported ; the petals have a longer or shorter stalk or claw 
according as the sepals are closed or open. At the base of 
the stamens are nectar-secreting outgrowths of the floral axis 
which vary in form and number in different genera. They 
occur constantly on each side of the lateral stamens either 
as disthict outgrowths or joining and more or less completely 
enveloping the base of . the filament. In addition smaller 
glands may occur between the median stamens and these; 
may extend ' and unite with the glands surrounding the 
lateral stamens. 

Departures from the normal type of flow^er occur. In 



CBIJCIFERAE. 179 

JMns (CaiidytAift) and Teesdalia the flower becomes zygo- 
morpMc by the enlairgement' of the two outer petals ; not 
inf rec|iiently the petals are very small or be altogether 
absent, as in species of Lepklium, Corom^ms (fig. 87, B), 
Nasturthmi and others: in Capsella Bursa-pastoris the petals 
are sometimes replaced by four stamens. Reduction in, the 
iinmber of _ stamens occurs; thus in Ckmkimine Mrsuta 
(fig. 86) the lateral stamens are generally absent, in species 
of Lepidkmn and Goronopits (fig. 87) doubli.ng of the niediaii 
stamens may also fail to take place, and the flower hecoiiies 



FiC(. SO. (Jaf(lam/hie Mrsuta. . A. Plant, x f. B. Flower, x 4. C. Petal, x 6. 
I). Pistil and stamens, x 5. E. Siliqua slightly enlarged. F. Seed, x 10. 
Ct. Seed cut across, x 10; c, cotyledons; r, radicle. (From Plor, Jam.) 

diaiidroiis. On. the other hand, in Megacarpaea (fig. 90, F) 
the stamens are numerous— up to 16. Three or four fertile 
carpels occur abnormal^ in a considerable ininiber of genera. 
The genera and Ilolargidmm^ characterised by a 

four- (or more*) carpelled ovary, have since been recognised 
as abnormal forms of Nastufiium and. Braba respectively. 
A tricarpellary form of Lepidkim sathnmi (Cmss) was found, 
to transmit the abnormalitj" b}^ seed. Miilticarpellary pistils 
have also been recorded in abnormal flowers in a considerable 
miinber of genera. , , , ■ ■ 
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Several points call for comment in the flower of Criiciferae as 
described above, and there is an extensive literature on the subject. 
The flower is remarkably uniform, although, as pointed out, certain 
delations occur, some of which are constant while others occur 
ill abnormal flowers. The most obvious feature in the flower as 
described above is the corolla with its four diagonally placed 
petals -wiiicli disturb the apparent dimerous character (S 2 + 2, 
0 X 4, A2 + 2, G (2)). The simplest explanation would be to regard 
the four petals as derived by splitting from two median members, 
ill the same way as the two pairs of longer stamens are regarded 
as representing the division of two simple primordia. But there 
is no evidence for this in the floral development, and, if this view 
be accepted we must regard it as a change in the arrangement of 
the parts of the flower all trace of which has been lost in the 
development of the flower at the present day. ' The arrangement 
in various abnormal flowers has been adduced in support of this 
view. Thus Velenovsky has described a flower- of Amhis alpina 
with a dimerous corolla of two median petals, and Beiiecke an 
abnormal flower of Eschscholtzia (in Papaveraceae) in which the 
pair of median petals have become divided and transferred to the 
diagonal position, resembling precisely the normal corolla of 
Criiciferae, On the other hand, it has been maintained, especiall}^' 
,by Wretschko, thad the inner whorl of stamens represents four 
distinct diagonally placed members, thus corresponding in position 
with the four petals. Kunth, who accejited Lindley’s interpreta- 
tion of the ovary, regarded the florver as tetramerous throughout ; 
the median members of the outer whorl of stamens having been 
suppressed. 

The pistil also presents difficulties in the almost universal 
position of the stigmas above the commissure, or the vertical 
line of tissue at the juncture of the two' carpels, and in the presence 
of the false septum. ' In MaUhiola (Stock) and Moricandia the 
stigmas, occupy the usual position above the midrib of the carpel. 
Commissural stigmas are, common in Papaveraceae and occur also 
in Ericaies and eLsew.here. Lindley regarded the coinmissure as 
representing a true carpel on which the ovule-bearing placentas 
and stigmas were borne;’ the: pistil on this view, consists of two 
pairs of carpels, a transverse barren pair which ulti:mately separate 
as "the,, pair of valves in the fruit, and a median pair forming 
the repliim and false septum and- bearing the seeds.' M has been 
pointed: out, four car|)ellary pistils- are, sometimes produced in 
abnormal flowers. Recently tliis view has been , revived by 
E. Eu Saunders in explanation of a 'series of abnormal developments, 
of the pistil of the Stock, {MattMola incam). This author regards 
the commissures as representing consolidated, carpels, and. iiiaiii" 
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tains tliat this view explains the development of the false septum, 
which is due to a rearrangement of the tissues and an alteration of 
the direction of growtdi of the consolidated carpel ; but the position 
of the ovules at the outer edges of the septum, presents a serious 
difficulty w.hich is not explained by the author. Sim.iiarly in the 
other families of the order the commissure is regarded as repre- 
senting a solid carpel on which th.e placentas are borne while the 
apparently iioiiiial carpels, which alternate with the solid ones, 
are barren. 

Bot.h cross- and self-pollination of the flowers occur. The petals, 
which are generally white or yellow, more rarely .lilac or otherwise 



Fig. 87. Coronojyus dklymns. A. Portion of branch, x |. B. Flower (with 
four small petals and two stamens), x 16. C. Silicula, x 16. D. Siiicula cut 
ieiigthwise, x 16. E. Embryo, x 30; c, cotyledons; r, radicle. F, Seed cut 
across where the line s is drawn in E, x 30. (From Flor. Jam,,) 

coloured, do not attract a great number or variety of insects. All 
or some of the anthers become twdsted so that nectar-seeking 
insects will touch them with one side of their head and the stigma 
with the other. The capitate ■ stigma is, however, in such close 
proximity to the anthers that very slight irregularity in the move- 
ments, of the .visitor will cause self-pollination, and this may also 
often occur by the actual dropping of pollen from, the anthers of 
the larger stamens on to the stigma. Cieistogamio flowers occur 
ill Car dam/me chenopodifoUa, and in Subularia aquatica wdieii tlie 
water is imusiially liigh, the flowers remaining submerged and. 
closed., Pringlea (Kerguelen Island Cabbage) has become aiiemo- 
T)hiloiis in the absence of insects, suitable for its poiiination. 
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Hermann 'Miillers in reviewing the pollination-methods of 
the family 5 says : ■ 

' ' On the whole, Crucifers are far behind Umbeilif ers in the number 
and variety of their insect-visitors, both on account of their less 
conspicuous flowers and their less accessible nectar; and not rarefy 
plants remain altogether mivisited. The |)ossibility of self -fertilisa- 
tion is useful if not necessary for the preservation of all the Cruci- 
fers that we have considered ; in many we find that seif -fertilisation 
takes place to a very considerable extent; and in several we have 
experimental evidence that it is productive of seed. Under these 
circumstances it would be better for the plant to forego attaining 
in its anthers the most favourable position possible for dusting 
nectar-seeking insects with pollen, if by doing so, while retaining 
the chance of cross-fertilisation if insects did come, it could fully 
insure self-fertilisation if they did not.” 

way in which conspicuousness is attained throughout the 
Umbeilif erae b^^ association of many flow^ers in one surface, and 
by asymmetrical development of florets for the common good, is 
exemplified only in isolated genera of Cruciferae (Teesdalia^ 
Iberis ) ; and, in Teesdalia at least, it does not so far insure cross- 
fertilisation that self -fertilisation may be dispensed with.” 

The fruit is a pod dehiscing in the great majority of cases 
by two valves separating from below upwards and leaving 
the placentas with the seeds attached to the replum, or 
framew^ork of the septum. The pod is termed a siliqtia, or 
when scarcely longer than broad, as in ShephercTs Purse, a 
silicula. There is some variation in the form of the pod and 
the arrangement of the seeds. In the silicula the seeds are 
generally in two rows in each chamber, and this holds also 
ill many siliquas, as of Diplofaxis; but generally the seeds of 
the opposite placentas alternate, forming a single row in each 
chamber, and alternation may also occur between the seeds 
in each chamber so that the whole pod contains only one 
row, as in Raphanus (Radish). In the last case constrictions 
may be formed between the seeds,' or transverse walls 
forming one-seeded segments, and the fruit may separate 
when ripe into' one-seeded joints as in Wild Radish {R, Raph- 
anistmm) (fig... 90, D), In Gakile the siliqua separates when 
ripe into two one-seeded indehiscent joints, (fig. 89, D).' In 
the pod has only two joints.,; the lower of which is 
barren, forming a' short thick stalk, ■. while the upper is inde- 
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Fia. SS Bursa-pasioris, A. Plant,- x j-. B. Bud, x 6. 'C. Blower, xlL 

I). Instil and stamens, X 12. E. Siiieiila, x 2. F. Siliciila with one valve 
removed, a 2. G. Seed, x 8. H. Seed cut across, x 8; e, cotyledon; r, radii;]*/. 
(.Aftei Still m.) (From Flor. Jam.) 



Fig. 89. Cahile lancmlata. ,A. Portion of plant, x f . B. Petal, x 2. C. P'lower 
without the ]3etals, X 2. B. Fruit with the joints separated, slightly eii” ■ 
larged. The seed in the upper joint is erect from the base, in tlie lower 
pendulous, B. .Seed, x2. . F, Embryo, x 2. G. Seed cut across, x 2; 
c, cotyledons; r, radicle. (A™I) after Belessert.) (From Flor. Jam.) 
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Msceiit, globose, and contains a single seed (fig. ' 90, C); 
C: marUima (Sea-kale) is a rare plant in Britain on sandy 
and sliiiigiy sea-coasts. Isatis has also indeliiscent one-seeded 
pods; L timtoria (Woad) grows wild on cli.iis by the Severn. 
Another variation in the structure of the pod is governed by 
the anioiiiit or direction of compression. It may for instance be 
flattened laterally, in which case the septum is very broad, as 
ill Lwnaria (Honesty) (fig. 90, E), or from front to back when 



Pm. 90. Cramhe maritmm. A. Flower in vertical section, x 2. B. Young fruit. 
C. Ripe fruit, the xipper joint cut open, exposing the seed. D. Fruit of 
liaphamis Raplmnislrwm. B. Fruit of Lumria, the valve removed, shewing 
the seeds attached to the replum. F. Flower of Megacarpma^ after removal 
of sepals and petals, enlarged. G. Gochharia^ opening silicule, enlarged. 
H. Seed of same cut across, much enlarged. (A, F, G-, H after Le Maout and 
. .Decaisne;. !'), E after Baillon.) 

the septum becomes very narrow, as in Shepherd’s Purse 
(fig. 88, F). On dehiscence.. of the fruit the seeds remain 
lightly attached to the .replum and lie, exposed, on the. thinly 
membranous septum; they are readily detached when the 
long dry .stalk of the, inflorescence is. shaken by the wind. .The 
seeds themselves are sometimes-.. flat nr even. winged. , ■ 
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111 Ilonsia, a small acaulescent herb, native of Sardinia 
and Corsica, the peduncle bends down after flowering and 
buries the closed pod in the ground. In Anastafica (Rose of 
Jerielio), a native of the eastern Mediterranean region, the 
small plant, which is an annual, dries up at the end of the 
season and becomes detached from the soil; the branches 
bend together, protecting the numerous small fruits, and the 
whole plant is rolled along the ground by the iviiid. 

The enibiyo is large, completely filling the seed. The 
relative position of radicle and cotyledons and the absence 
or degree of folding of the latter in the seed supply characters 
which have been used for distinguishing genera and groups of 
genera. The radicle with the hypocotyl may be bent upwards 
and lie along the edge of the cotyledons, [j (radicle accunibent, 
embryo pleurorliizal) as in Clieirantlms, Nasturtium^ * Mat- 
thiola-y or parallel to the face of the cotyledons, — (radicle in- 
cumbeiit, embryo notorhizal) as in Capsella or Sisymbrium, In 
the cases above mentioned the cotyledons are flat, but they may , 
be folded along the midrib as in Brassica, RapJiawus, Crambe^ 
o» (embryo orthoplocal), or ■ rolled so that a transverse 
section of the seed cuts them tvdce, ojl IJ, as in Goronopus or 
B^mias (embryo spirolobal), or so folded as to be cut several 
times as in Subularia, o|| jj || (diplocolobal), 

111 germination the cotyledons are epigeal, appearing above 
ground as the first green leaves of the plant; they are often 
notched at the apex as in Mustard. 

Cruciferae contains more than 200 genera and iiearty 2000 
species. Its distribution is world-wide, but the greater 
number are confined to the north temperate zone, and the 
family is specially developed in- the Mediterranean region. 
Though remarkably distinct and readily characterised as a 
the subdivision into smaller groups is very difficult, 
and very various arrangements have been suggested. 

Limiaeus seized on the marked difference between the pods of 
different genera to divide his class Tetradynamia into two orders, 
■SiUculosae (fruit a silicula), and Siliquosae (fruit a siiiqua).,, This 
was extended by De Candolle, and, the subdivision of the family 
adopted in Hookef^ Studenfs Flora is based upon this system. 
The proportions and mode of dehiscence of the pods supply 
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characters for five large groiij}Sj and the relative positions of the 

radicle and cotyledons characters for further subdivision. The 

British genera are arranged as follows : 

Group I. SiLiQUOSxiE. Has a siliqna and includes three tribes : 

Tribe I, Arabidme. Includes GheirantJms {0. Cheiri, Wall- 
flower)^ Nasturfmm {N. officinale, Water-cress), Barbarea 
{Winter-cress), Arabia (Rock-cress), Cardamine (Bitter-cress) 
and MaMhMa (Stock). In these the radicle is acciimbeiit. 

Tribe II. Sisymhrieae. Sisymbrium (Hedge-mustard) 

and Erysim/mn ; the radicle is incumbent. 

Tribe III. Brassiceae. Includes Brassica (Cabbage, Mustard) 
and Bi])lota.xis. The arrangement of the embryo differs from 
that in Tribe II in having the cotyledons not flat, but folded 
along the midrib. 

Groiij) II. SiLicuLOSAE LATiSEPTAE, Has a siliciila with a broad 
septum. 

Tribe IV. Alyssvmae, Includes EropMla, Alyssum Mid 

Cochlearia (Scurvy-grass) ; also Lunaria (Honesty) with a 
very broad fiat pod. The radicle is accumbent, and the 
cotyledons are flat. 

Tribe V. Cafnelimae. Radicle incumbent. Includes Snbulurm 
aquatica (Awl- wort), a submerged water-plant which is 
exceptional in the family in having, like EschschoUzia 
ill Papaveraceae, a perigynous flower; and Gamelina (Gold- 
of-Pleasure). 

Group III. SiLicuLOSAE ANGUSTISEPTAB. Has the silicula flat- 
tened at right angles to the plane of the septum, so that 
the latter becomes very narrow. 

Tribe VI. Lepidieae. Includes Gapsella, Goronopus and Lepi- 
dm w (Cress), Radicle generally incumbent. 

Tribe VII, Thlaspideae. Includes Thlaspi (Penny-cress), Iherm 
(Candytuft) and Teesdalia, Radicle accumbent. 

Group IV. Nxjcitmentaceae. Is characterised by the reduction,, 
of the pod to a short, one-celled, one-seeded indehiscent 
fruit or nut. 

Tribe Vlll. Isatideae. Includes Isaiis (Woad) and Bunias. 

Group V. Lomentaceae. Has the pod constricted between thc^' 
seeds or divided by transverse wails .into one-seeded 
, segments. ' 

Tribe IX. GaMleae. Pod indehiscent, two-Jointed. Gakile (Sea^ 
Rocket) (fig. 89), and (Sea-kale) (fig. 90, A-C). 

Tribe X. , Baphaneae,. Raphanus, ■ Pod constricted into one- 
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seeded joiiitvS (fig. 90, D), sometimes few or, as in R. satimis^ only 
one, which is very large. 

The arrangement suggested by Pomel includes three main groups : 

A. Platylobeae, Cotyledons flat; radicle aceiimbeiit or 

iiiciiiii,l3ent. 

B. Orthoploceae. Cotyledons longitudinalty folded; radicle 
ill the channel formed by the cotyledon. 

C. Pleuroploceae. Cotyledons rolled or transversely folded. 
A subdivision of these main groups into tribes is based on the 
character of the fruit. 

The arrangement adopted b}^ Prantl in the PflanzenJ^amilieM 
depends primarily upon the presence or absence and character 
vdieii present of the hairs ; the famil^^ falls into two great groups : 

A. Hairs iinbranched or absent; no glandular hairs. 

B. Hairs more or less branched, rarely iinbranched or absent; 
glandular hairs also sometimes present. 

Each group is divided into two tribes according as the stigma 
is eqiiafly developed ail round or more strongly developed above 
the placentas; differences in the development of the style are 
also considered. For the smaller subdivisions the position of tiie 
cotyledons, the number of nectaries in the flower, the character 
of the fruit and the character of the surface-cells of its septum are 
taken into account. • 

In other arrangements special stress is laid on the form and 
distribution of the nectaries in the flower, as by Hayek, or, as 1)3?" 
Schweidler, oii the distribution of my'rosin-cells in the tissues. 
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Family IV. RESEDACEAE 

A small family containing only 6 genera with about 70 
species, of wliicli between 50 and 60 belong to Eeseda. The 
llediterraiieaii region is the great centre from which the 
family spreads eastwards through Persia to India, and south- 
wards to the nioiiiitains of Abyssinia and Somaliland, re- 
appearing at the Cape where it is represented by four endemic 
species of one genus, Oligomeris, a fifth species of which has 
a widely extended range from the Canary Islands through 
Northern Africa to Northern India and occurs also in CJali- 
fornia and New Mexico. A few species of Reseda range 
northwards, and the limit in this direction is reached in our 
two native species, R. Liiteola and R. lutea, in Central Russia, 
North Germanjr and Scotland. Resedaceae are mostly herbs 
with alternate leaves provided with small glandular stipules. 
Their habit varies greatly according to the habitat. In the 
dry, hot districts of the Mediterranean region the leaves are 
small and caducous; in a damper climate they are large and 
well developed. The inflorescence is a raceme or spike, often, 
as in Cruciferae, ebracteate. The flowers are irregular, being 
zygomorpMc in the median plane owing to a development of 
the axis, comparable to the gynophore of Capparidaceae, 
between the corolla and stamens, which becomes very pro- 
nounced on the posterior side of the flow^er, forming a charac- 
teristic disc. Associated with this, the posterior petals are 
larger and of a more complicated structure, while the stamens, 
which are inserted on the disc, become crowded towards the 
front, the few posterior ones being often shorter. Peiitaiiiery 
occurs only exceptionally, the number of sepals and petals 
generally varying between four. 'and eight, and the stamens 
from 3 to 40. ^ There are two to six carpels, rarely free, generally 
united into a. lobed one-chambered ovar}^ ■ vhich does .not. 
become closed in at the top. The numerous ovules, wMcli 
are more or less bent, are borne on two to six parietal placentas. 
The fruit, is a, capsule open, at the. top, and' contains numerous 
smalt kidney-shaped seeds which: are completely filled by the, 
curved embryo. In Ochrademis the flow^ers are, sometimes 
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iiiiisexiial hj abortion, of stamens or pistil, and are apetalous; 
the fruit is also closed and berry-like ; it contains a few species 
ill tlie clr^f' country of iiorth-eastern Africa and Western A>sia, 
The cultivated Mignonette (Reseda odorat-a) ^w\ll illustrate the 
fiiiictioiis played by the different parts in the process of pollination. 
Nectar is secreted b}^ the smooth niider-surface of the large 
posterior development of the disc, which from its yellow colour 
and conspicuous position serves as a guide to the nectar. The 



' . ' 'F,:c<i. 91 . Reseda, A. Floral diagram of R, o(hmkt, B. Flower of R, luiea in 

' vertical section. Gt Finiit, IX Seed of Offomto. rX disc. B, C, D eniargcd. 

(A after Eichior; B, C after Bailloii; D after Schnizieiii.) 

large n;n^pa.nded claws of the upper and median pairs' of petals 
siJiTOiiiid and protect the neotar-secreting surface, while their 
w,iiite fimbriated laminae, the red anthers and the strong scent 
serve to attract visitors. The stamens are originally bent down- 
wards towards the front of the flower, . but rise up towards tlie 
iieetar-secretiiig disc as the anthers dehisce. The pistil projects 
' .coiiskku^abty. from the middle of the -flower and the carpels ter- 
minate in papillose stigmas. The Tatter become readily covered 


4 * 
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witii pollen bj?- nectar-seeking insects which find the ovary a 
convenient resting-place. If insect-visits fail, self-poliiiiatioii 
occurs, as- the stigmas lie directly below the dehiscing anthers, 
'Muller, who describes the process, states that plants which were 
kept protected from insects yielded capsules filled with good seed. 

The family is most nearly related to the Capparidaceae, 
as seen by the parietal placentation, and the development of 
a gynopliore and an excentric disc leading to median zygo- 
iiiorpliy of the flower; the dry-country habit is also character- 
istic of both families. The markedr tetramery of Cappari- 
daceae is, however, absent in Eesedaceae. 

Orders. SARBACENIALE8 

Flowers bisexual (unisexual in Nepenthes), regular, hypo- 
gynoiis ; perianth generally distinguished into calyx and 
corolla. Pistil of three to five s 3 mcarpous carpels with parietal 
or axile placentas and indefinite ovules. Seeds small, endo- 
spermic. An order of damp-loving herbaceous plants with 
generally alternate entire leaves which, are more or less 
modified for the capture of insects. 

Family I. SAREACENIACEAE 

A family of marsh-loving perennial herbs with pitcher-like 
leaves including three genera only, Sarracenia with seven species 
in Atlantic North America, Darlingtonia, a monotypic genus from 
California, and HeUamphora, with a single species confined to 
Mount Roraima in British Guiana. 

The leaves are radical and a central scape bears a single terminal 
flower or a few in a loose raceme. The flowers are large, spiro- 
cyclic, bisexual and regular, and shew considerable variation in 
the number of parts. .A frequent arrangement is a calyx of five 
sepals followed by a corolla of five regularly alternating petals; 
the stamens are numerous and placed below the three- to five- 
ceiled ovary, which contains a large number of anatropous ovules 
borne, on large axile placentas,. A distinguishing feature of 'the. 
'genera is. the great develoxnnent of the style which in Sarracenia is 
dilated above into a large umbrella-lik© structure spread over the 
stamens and bearing the small stigmas, below the apex ,of,eaeh of 
the five lobes. The fruit is n capsule splitting along the dorsal 
sutures into as many valves as -there are carpels. The numerous 
seeds are' small,, containing a. copious fleshy endosper,m and a small 
embryo near the hiliim. , The membranous seed-coat .generally 
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forms a, wing, wliicli in Sarmcema is developed on one side of flie 
seed. Tlie leaves are effective insect- traps. The brilliant colouring 
of the 'iipper part of the pitcher and the nectar secreted about the 
iiioiitli serve to attract insects. In the lower part of the interior 
an a.rea.- bearing reflexed hairs prevents the escape of insects wliicli 



ruit. size; -s', stigma. I>. Floral diagram.. E. Seed in r<‘riieai section, x4; 
r, (oulnyo; wing. (A, B after Asa Gray; C, E after Wunsehnitiiin. ) 

Iiawi fallen into the pitcher and which ultimately become drowned 
ill 1 lie fluid therein secreted. Thefluid contains a proteolytic ©iizyjiie 
by Acliicli tlie proteids of the insect are rendered soluble and then 
ar bsor bed. by glands on the pitcher-'wali. 

REFERENCE 

Macfarlaxe, J. M. “Sarraceniaceae.” Das PflanzenreAch (1908). 
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Family 11. NEPENTHAGEAE 

Contains one genus only. Nepenthes (Pitcher-plant), with about 
60 species mostly inhabiting the islands of eastern tropical Asia, 
with its greatest development in Borneo, but extending west to 



FiO'. 93. A, NepentJm gracilisy vedmed, B, Male flower. G. Peiiiale flower. 
B. Bruit. E. Seed of N. phyUmnpliora, F. Diagram of male flower, G. Dia- 
gram of female flower, of N, ' d/istillatoria. B, C, E enlarged. ,(A after Kor- 
thafe; B-E after Wunschmann; F, G' after Eicliler.) 

Madagascar where it is represented by one species, south to North 
Australia .(Cape,. York. Peninsula) and northwards through the 
Malay Peninsula to the Kliasya' Hills in N.E. Bengal (one species). 
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and Soiitliem Cliiiia. They are shrubby plants, geiierall^^ cllniMiig 
by means of the leaves which are alternate, entire and reniarkabiy 
.modified. The most complete have a blade divisible into three ' 
parts, the lowest flat and performing the ordinaiy functions of a, 
foliage-leaf, a median portion slender and tendril-like becoiiiiiig 
coiled round suitable objects for support, and a terniiiiai portion 
which is developed into the familiar pitcher with, its lid. The 
pitcher contains a fluid with digestive properties(i), due to' the 
p.reseiice of a proteolytic enzyme secreted by gla.i:ids li.ning the 
.lower portion of the wall; the brilliant colouring of the upper 
portion of the structure and the nectar secreted .near and al) 0 'ut 
the :ri.m attract various insects which on falling into the pitcher 
become disowned and are digested in the fluid, the soluble proteid. 
being ultimately absorbed by the walls of the pitcher. 

The flowers are small, regular and dioecious and borne in siiiipie 
or compound racemes. The perianth consists of two clinieroiis 
whorls, succeeded in the male by a varying iiiiiiiber of stamens 
V'ith filaments united into a tube and in the female by a superior 
four-chambered ovary, containing numerous anatropous . ovules 
on axile placentas. Tlie fruit is a.n elongated leatliery capsule 
separating into four valves and containing iiiimeroiis sawdust-like 
long narrow Avinged seeds. The fleshy en.dosper,m contains ,a 
straight embryo. Many species and hybrids are cultivated in 
greenhouses. 

REFERENCES 

1. Hefbubn, J. S. “ Biochemical Studies of Insectivorous plants.” Contn- 
huiio'ns from the Botamcal Lahoratory, Univ, of PeuMsyUm/tim^ iv, 419 
(1919).' 

See also Maofarlane, J. M. “Nepenthaceae.” Das Pflanzenreich (1908). 


Family III. DROSERACEAE 

A small family of insectivorous j)lants containing four 
genera with 87 species, 84 of which belong to Drosera 
(Sundew), a genus widely distributed through the temperate 
and tropical regions of both hemispheres. The other genera 
have limited distribution — Drosophyllmn, with a single 
species from Morocco to Portugal and South Spain, Dmmma 
(Venus’s fly-trap), another monotypic genus, confined to the 
south-eastern United States and Alclfovam(M with a single 
species in Central and Southern Europe, North and East Asia, 
India (.Bengal), and Australia (Queensland). 

13 
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The great majority are small herbs inhabiting sphagiiiiiii' 
bogs like oiir British Sundews, or localities which are relatively 
damp .during the growing season. Aldrovanda is a rootless 
swimming water-plant recalling Utricular ia in habit. 

The germination of those species of Drosera which have been 
studied shews absence of a primary root, its place being taken by 
a protocorni-Iike development of the hypocotyl bearing long 
attaching hairs ; in DrosophyUum and Dionaea a primary root is 
developed. The protoeorm is a temporar^^ structure and is replaced 
by adventitious roots developed from the stem, which, though few 
in number, are often large and serve as organs of storage as w'ell 
as of absorption. The method of growth and life-history varies 
widely, and may be either photophilous (epigeal) or geophiioiis. 
In the epigeal, the axis ends in a bud capable of indefinite growth. 
The species are sometimes short-lived, as in Drosera indica, a 
native of the tropical monsoon region, which grows in a saturated 
soil and runs through its life-c^Tle from germination to seeding in 
one wet season ; more generally they are perennial, as in our native 
D. rohmdi folia, and adapted to climates which shew a marked 
periodicity. In this species the stem bears long interiiodes uiitii 
it reaches the surface of the sphagnum-layer in which it is growing, 
the internodes then remain short and a rosette of leaves sj)reading 
on the surface is formed. Above the rosette the termiiiai bud 
remains enveloped by the stipules. During winter the bud ■with 
the decaying leaf -rosette becomes buried b}" the growing Sphag- 
num ; in spring the terminal bud renews its growth, its small lower 
leaves becoming separated by long internodes until the surface of 
the moss is again reached when a new leal-rosette is formed. The 
inflorescence springs from the axil of a surface-leaf (fig, 94, A). 

The geophiioiis species are adapted mainly to conditions where a 
damp winter alternates with a dry season. In a few cases, as in the 
two Cape species D. cisUflora and D. pauciflora, the plant persists 
by iiieans of a swollen root lying close beneath the soil-surface, 
but generally the persistent organ is a bulb which is buried deeply 
in the soil (fig. 94, B), This mode of life characterise^s the large 
Australian siibgeniis Ergalemm, The portion of the stem below 
ground bears leaf-structures with a much reduced blade which 
function as rhizoids ; when the surface of the soli is reached either a 
ieaf-rosette is formed, or the stem, continues to elongate and 
the lower leaves are ■ reduced to small scales with no blade- 
development. . In the axil of the. upper scale-leaves is formed 
pair of functional leaves, ivhile higher on the stem the subtending 
leaf itself develops a blade. The. 'higher and younger, leaves shew 
a gradual suppression of the, two aceessorjr leaves. In species 
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iiiliabiiiiig cold hard clay soils and similar iiiif a Ycnirableioca lilies, 
developiiieiit proceeds no further and ’ the main axis ends in 
an iirfloresccm.ce (as in the West Austraiiaiii 13. nilcrophf/lk 
and D. Jlenziesu), but where soil- and climatic conditions are 
favourable to a more vigoroiis'deveiopment a cliiiibiiig or braiieliiiig 
lialiii is develoj)ed. In climbing species the leaf of the first order 
has a much elongated petiole and the tentacles of its blade foriit, 
the organs of attachment (fig. 9o, B). In braiichi,ng species the 
secondary axes may also, like the primary, end in a.ii i,!iiiDrescence. 



H 


Fig. 04. A. Dronera rotundifolia, plan shewing growth of two .suceessi\’'o y*“ars. 
llie horizontal line indicates the surface of the hog. B. /). cryl/tror/iizfi^ 
hypogeal ])ortion of stem growing from a bulb and bearing leaves modiliod 
form rhizoids, at the apex a rosette of leaves is formed, x 1 F C. !>. rof h iid ? - 
foliH, young leaf, the blade is bent over against the petiole and is enve!op(‘d 
by th(‘, fimbriated stipule, above is a sectional view of tiu* hhuie; / tn 
I h ./>. l>inafa, lateral view of young leaf, x 0. E. Inside view of same, sinewing 
i coiled halves of the blade. E, Floral diagram (»f D.-tvlundifolitL (h VAili- 
eal section of (lower of same. H. Floral diagram of l^'ionnai. (A-M after 
F, H aftc!* Eiehler; (I after Le Maoiit and Decaisne.) 

The !)iilb consists of very eiosely united leaves, of which 011I3’ tlu^ 
tips are free and form a peristome-like crown surroiindiog the 
liase of the hypogeal caulome.- The bulb is ren(3wed each year 
by a, lateral bud, developed at the base of the caulome, which grows 
into the older bulb, - gradualty absorbs its store of noiirishiiieiit 
and finally replaces it, except for the external scidesAvMeh form 
a protecting outer coat. When the plant .has died down the hypo- 

, ■' 13-2 ■■ 
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geal caiiloiiie does not completely perish but its dead remains are 
found clinging round the new hypogeal stem which is developed 
next season. They form a kind of velamen consisting of long strips 
of tissue the cell-walls of which have niimerotis oblique pores, 
the whole forming a capillary system which holds moisture for 
the supply of the rhizoids of the new caiilonie. In some species, 
as D. auriculafa, the bud which forms the new bulb develops 
externally and is carried deeper into the soil at the end of a stout 
stolon. 

Brosopliyllum has a short woody, sometimes branched, stem; 
the long narrow crowded leaves are borne on the upper part of 
the stem and branches, which below are densely clothed with the 
persistent remains of earlier leaves; the stem passes above into 
the branched cj^mose inflorescence, Dionaea has a pereniiial 
rhizome; the short stem bears a rosette of leaves and a long scape 
bearing an umbel-like cyme of flowers. 

The degree of differentiation of the leaf is remarkably varied. 
In some sections of Drosera and in Drosophylhim the long narrow 
leaf shews little or no distinction between petiole and blade, but 
in the great majority a broad blade is plainly distinguished from 
the j)etiole. In Dionaea and Aldrovanda the two halves rise up- 
ward on stimulation, the midrib acting as the hinge (fig. 95). 
Stipules are absent or developed in a less or greater degree. In 
some cases they are indicated merely by fimbriated outgrowths 
on the side of the leaf -base. In Drosera longifoUa and D. rotmidi- 
folia they form a narrow fimbriated ligule at the base of the petiole 
analogous to the intra vaginal scale in the leaves of Monocotyledons . 
In a series of South-West Australian xerophilous species which 
persist through a long dry summer on sandj?' soil, the stipules form 
an important intrapetiolar growth by which the young blade is 
protected in the bud. The degree of development of the petiole 
and its function also vary widely. On the one hand, as in our 
British species with leaf -rosettes, or the Australian climbing forms, 
it serves to place the leaf -blade in a suitable position, while in 
other cases it assumes, more or less, the function of assimilation, 
becoming broadly winged, as in a very marked degree in Dionaea 
(fig. 95, A). In Dionaea the lower part of the petiole is swollen, 
containing storage-tissue in which starch is deposited, and the 
same occurs in Drosera hinata (Eastern Australia) where the lower 
part of the petiole persists after the decaj?^ of the upper part and 
the forked blade. 

The mode of development of the leaf-blade also varies. In a 
small southern group of Drosera the young blade is folded 
lengthwise ; in ' , others it is folded . . across the middle and 
attains' its full size by intercalary growth; in others again,: as in 
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D. mi undifolia, tlie young blade is bent over to lie close against 
tlie petiole (fig. 94, C) with margins inrolled. In Dr osophyUtmi 
and those species of Drosera mtli leaves in which long-eoiitiiiii.exl 
apical growth, occurs, the blade is folded circinately (fig. 94, B, E) . 
In the mature leaf, where there is a distinct blade, this is often 
more or less spathulate or sometimes round: in long-stalked 
caiiliiie leaves the blade is often peitately inserted on. the petiole. 


4 



Fig. 95. A, Lc'af of Dionaea, one half of the blade has been cut a^\’ay, on tin* <'ft her 
half are sec'n three sensitive hairs; p, winged petiole. .B. mcinrratha, 

shewing pair of leaves springing from the axil of the longer-stalked priinasy 
ic'af. F. Leaf (A Aldroramla vmimilosa^ enlarged; p, petiole; n?, midrib of leaf; 

bristle- like outgrowths below the blade. (A after Sachs; B after Ditds; 
V after .F(‘riner.) 

Outgrowths of the leaf i,ii,the form of , hair‘L,.,ghiiids or teiitacies 
are developed in connection with modifi.eation for the attraction, 
capture and digestion of insects. Capitate glaiidula;! hairs which 
function as digestive glands secreting a proteol^^tic ferment occur 
on t.lie leaf-surface in all genera. The tentacles wliicli oeciir on 
the surface and edge of the leaf of Drosera and Drosopliylkmi are 
complicated outgrowths wdth a-' swollen head wiiich bears a 
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secreting layer, exuding a viscid flui(J, and contains a mass 
of traclieids coinmimicating by a cord of tracheids with the- 
vascular tissue of the leaf. Sensitive hairs of a complicated structure 
occur on the leaf of Aldrovanda and Dionaea (fig. 95). 

In response to mechanical or chemical stimuli the leaves execute- 
movements, consisting in Drosera of an incurving of the tentacles 
towards the stimulated area, and in Dionaea and Aldrovanda of a 
closing together of the halves of the lamina. In Aldrovanda the 
outer portions of each half become appressed, the inner portions 
forming an inflated bladder. For details of these remarkable 
movements, and subsequent digestion and absorption of nitro- 
genous food-stuffs, works on physiology should be consul ted. 

In Aldrovanda the fllowers are few in number and stand 
solitary in a leaf-axil; a few species of Drosera have a one- 
flowered scape but generally the flowers are borne in cymose 
inflorescences cii terminal or axillary peduncles. They are 
bisexual and regular, generally pentamerous or sometimes 
tetrameroiis, with often increase in the number of the stamens 
and reduction in that of the carpels. Fig. 94, F {Drosera 
Tokindifolkt) represents the most general type of fl.oral 
structure. An increase in the number of stamens {Droso- 
phylhtni and Dionaea have 10 to 20) is due, according to 
Payer, to the formation of a second whorl of five, and to 
doubling, espeeialty in this second, epipetalous, w-horL The 
pollen -grains generally remain united in tetrads. The most 
important distinctions occur in the pistil; in place of the 
three parietal placentas of the Drosera type, there is in 
Dionaea (fig. 94, H) a large nianj^^-ovuled basal placenta; the 
form of the styles and stigmas also varies. The ovules are 
anatropous. The fruit is a many-seeded capsule in Drosera 
which dehisces loculicidally into three to five valves, ac- 
cording to the number of carpels. In Dionaea dehiscence' 
is irregular, and in Aldrovanda the fruit remains closed, the 
seeds being set free by decay of the. pericarp. The testa often 
loosely envelops the seed; the short .straight embryo lies 
at the base of the copious oily endosperm. 

There is some difference of opinion as to the position of this 
family. The grouping in one order,, Sarraceniales, of the three 
families Sarraceniaceae, Nepenthaceae and Droseraceae is 
adopted by ' Eiigler, and. also by ’ Hallier, who/ however, 
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iiicliicles the first two iix one family (together with CepliaJota- 
eeae). Haliier derives the order fi^m the in Raiiales. 

Diels, the monographer of the family in the PfisuzenreicJi, 
relying mainly on the parietal placentation, of .Brosera^ 
regards the family as a member of the next order, Parietales, 
iiiost nearly allied, to Violaceae, as also does Wettstein. 


Order 4. PARIETALE8 

Flowers regular or zygomorphic, generally bisexual with 
distinct pentamerous calyx and corolla. Stamens as many 
as the petrals or more. Pistil 3,nost frecpiently of three iiiiitecl 
carpels, superior or more or less sunk in the floral axis, com 
taiiiiiig numerous ovules on parietal placentas; ovule with., 
two integuments (one in Loasaceae). Seeds generally with 
eiidosperin. Herbs or woody plants with' opposite or alternate 
generally stipulate leaves. 

T.lie families form several groups, the relationsliip between 
'wliicli is not clear. The parietal placentation is a constant 
character. The first five, Cistaceae, Bixaceae, Tamaricaceae, 
Frankeiiiaceae ai.id Elatiiiaceae, have a starchy eiidosperiii, 
and regular flowers with free petals and a superior ovary; 
in th.e fi,rst two the stamens are indefinite, in the other three 
they are whorled and definite, or if indefinite are arranged in 
bundles. The remaining families, Violaceae, Flacoiirtiaceae, 
Passifloraceae, Caricaceae and Loasaceae, have an oil- and 
proteid-containing endosperm. Violaceae are characterised 
by the pentamerous regular or medianly zygomorphic flowers 
'with reduction to three in the gynoecium. The flowers of 
Flacoiirtiaceae shew great diversity of structure; the sepals 
are sometimes united below, the petals are free, the stamens 
usually ifideliiiite a.nd the ovary generally sufierior; disc-like 
developineiits of the floral axis occur in great variety. In 
the allied family Passifloraceae these developments take t.lie 
form of the ch,aracteristic corona and the periantli is perigyiioiis. 
The . relationship , of ' the last two families is doubtful; in 
Loasaceae the ovary is more, or less inferior; in ' Caricaceae. 
the petals unite to, form a longer or shorter tube. 
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Family I. CISTACEAE 

A siiiail f amity (142 species in 7 genera) of herbaceous or 
shrubby plants with generally opposite stipulate or exstipiilate 
leaves and regular flowers with indefinite stamens. The 
stamens are borne on an elongated and often disc-like growth 
of the floral axis beneath the pistil. Their development is 
basipetal, the oldest being found just below the pistil (fig. 96, A). 
This is explained as the result of an intercalary growth — -a 
zone of growth is intercalated on the floral axis below the 
pistil and the stamens are formed on it in basipetal order. 
There are five sepals, the two outer generally smaller (fig. 96, 
B) and sometimes suppressed, and five, sometimes three, 
showy white or coloured caducous petals ; reduction to three 
may take place in the gynoecium, as in Heliantlmnum^ or 
there are five or even ten carpels as in Cistus. 

The parietal placentas bear two to numerous more or less 
orthotropoiis, rarely anatropous, ovules on well-developed 
fuiiicles; the placentas may be carried inwards by the growth 
of the edges of the carpels, the ovary becoming more or less 
completely three- or five-celled. The flowers are solitary or 
in cymose raceme-like inflorescences. Pollination is effected 
by aid of insects which collect the pollen; self-pollination 
also occurs. Cleistogamic flowers are formed in several 
species of Helimitlmmim and Cistus. 

The fruit is a leathery or woody capsule, which splits into 
valves along the middle line of the carpels (loculicidally). 
The seeds are small, often angular by compression and 
frequently have a rough surface. The embryo is iisiialty 
curved or coiled in a meaty or cartilaginous endosperm 
(fig. 96, E)... 

.R. .Gauine^' has studied the- germination, developiiieiit and 
'anatomy ill several species of the family and finds that they shew 
great iiiiiforinity of structure. Ail the seeds, especially of perenii,ia-i 
species, germinate quickly and easily. There are two types of 
seedlings, the type hamiig oval stalked cotyledons 

and ' the C%skis-FumMna tyi[^e with linear sessile cotyledons. 
The peromiial species have usuallj:" no underground stem, but 

^ JRetme gmeraJe de Botmiiqiie, xxiY, 27d {WT‘2). 
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CJisfMS nmbellat'us and HeUantJiemum Chamaeeistus have well- 
developed steins capable of vegetative re|)rodiiction. 

The plants are especially characteristic of the Mediterranean 
region. They love open dry sunny places with a chalky or sandy 
subsoil and, especially in the Spanish peninsula and North Africa, 
cover wide areas and are a characteristic feature of the evergreen, 
bush vegetation of the Maqui. There is also a vei^^ iiiiich less 



Fia. 96. A. Flower of Cislus polyniorphm; the sepals and petals have been cut 
awa^r to shew the hasipetal development of the stamens; x6. B-E. Edi- 
antkmiuni Chamaeeistus. B. Floral diagram, the numerals indicate the order 
of development of the sepals. 0. Opening capsule, x 3. D. Horizontal section 
tlirougli one of the valves of a eapsiile shewing the placenta bearing two 
seeds." E. Seed cut lengthwise, x 8. f, fimicle. (A, C, I), E after Wiiikoimii ; 
B after Eichler.) 

iniport'ant centre of distribution in America, chiefly in the Eastern 
Uiiitefl States. The family is represented in Britain by four species 
of IJelianihemum, (Rock-rose), of which H. CdmmaecAskis ■ is 
coiiimoii on diy soils and is one of the most widely distributed 
s;pecies of the genus, occurring throughout Europe, in North Africa 
and ill Western Asia ; the three other British species are rare a,nd 
of limited distribution. xAssociated with their dry habitat is the 
development of hairs. These take the form of long on e-celled hairs, 
.which are often associated in .bundles or united to form, flat scales, 
and of longer or shorter glandular hairs. 
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Family IL BIXACEAE 

A small f amity represented by a single species, Bixa orellanci.^ 
a tree native of tropical America bnt cultivated tlirougliout the 
tropics. The leaves are alternate, simple and palmatel37- nerved, 
and the sliow}^ flowers are borne in panicles. There are five sepals, 
fi.ve petals, indefinite stamens, and two carpels with numerous 
aiiatropoiis ovules on parietal placentas. The fruit is a capsule, 
splitting looiilicidally ; the- numerous seeds have a fleshy red seed- 
coat containing the colouring matter known in commerce as 
Aiiatto or Orlean, which is used as a dj^e-material. 

Family III, TAaL4RICACEAE 

A small famil}?' of four genera and about 100 species ; chief! 
steppe, desert and sea~shore plants of the Med,iterraneaii region 
and Central Asia. The plants are shrubs or perennial herbs with 
alternate, exstipulate leaves, which are often small and narrow, 
giving the plant a heath-like habit. The flowers are solitary or 
ill racemes, and ebracteolate ; regular, bisexual, li\q3ogynous, aiid 
peiitaiiieroiis or tetramerous, with often increase in the number of 
stamens and reduction in the pistil. The ovary is unilocular with 
usuall.y free styles and few or indefinite ascending anatropoiis. 
ovules on basal {Tamarix) or parietal placentas. The fruit is a 
capsule, the seeds are hairy {Tamarix) with or without endosperm .. 
The family falls into two distinct tribes : 

Tribe 1. Tawmiceae. Comprises Tamarix^ the largest genus, 
with 64 species, one of which, T. gallica (Tamarisk) (fig. 97), 
is a doubtful native on our southern and eastern coasts, 
and Myricaria. It has small racemose flowers, free petals, 
and hairy seeds without endosperm. 

Tribe 2 , Reaumimeae . With solitary flow^ers, free petals and hairy 
seeds with endosperm. Twm genera, Mecmmurim daidHololacline^ 
in the eastern Mediterranean region and Central Asia. 

Family IV. FRANKEXIACEAE 

A small family of generail}^, jierennial herbs or iindershriibs wit-ii 
stems J ointed .at the nodes and small opposite-decussate exstipulate 
leaves.. The small regular hypogynous- bisexual flowers are 
arranged in terminal or axillary cymes; beneath, each flower,.is, a- 
pair, of niedianty placed • sterile bracteoles ' alternating with tlic^ 
two , lower uiormal (and fertile) bracteoles. The, four to seven 
sepals are united into a tube for the .greater part of their length; 
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alternating with tlieni are an equal number of petals, ■ each wiib a 
claw, to wliicli is attached a ligular scale, and a spreading 1-)Iadi\ 
There are six stamens in two triinerous whorls, the filaments lieiiig 
united for a short distance at the base; the versatile extrci'sc 
anthers dehisce longitudinally^ The pistil consists of generiiily 
three carpels united to form a unfiociilar ovary bearing a filiform 
style which divides at the apex into three stigmas; the three 



Fic. 97. Tmm/rix gaUica. A, Flowering shoot slightly rediieed. B. Flower, >- 7. 

C. Capsule dehiscing, x 5. I). Seed, x 7. 

parietal placentas are fertile only in the lower half, bearing in- 
definite aiiatropoiis ovules on long ascending fiinicles. Polliiiatioii 
is effected by aid of pollen-collecting insects. The fruit is a capsiiie 
inciiided in the persistent calyx-tube, and dehisces lociiHcidally, 
The seeds have a criistaceous testa and contain a mealy endo- 
sperm siirroimding the straight axial embryo. 

.There are four genera with 64. species, 60 of which, belong to 
Fmnkenia. They are s.alt-loviiig maritime plants or iiihabitant.^s 
of dry localities, such as rocks,' steppes and deserts. Tlie halo- 
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pliytic and xerophytie liabit finds expression in a hairy covering 
and revoiiite leaves giving a heath-like appearance ; the structure 
of the leaf is intimately associated with the checldng of transpira- 
tion and storage of water. The family is widely distributed in the 
temperate and warmer parts of the earth, the Mediterranean area 
being the chief centre of distribution; it is represented in Britain 
by Franlcenia laevis (Sea-heath) , a small procumbent plant with 
wiry branches and small rose-coloured flowers found by salt- 
marshes on the south-east coasts of England. The family is most 
iieaii3r allied to the Tamaricaceae. 



mens and pistil. E. Floral diagram. F. One valve of fruit bearing seeds. 
Gr. Seed cut transversely. All magnified. (After Le Maout and Decaisne.) 

Family V. ELATINACEAE 

A small family containing onlj^ about 35 species in two genera,., 
but very, widety distributed through the temperate and subtropical 
regions of both hemispheres. The^^ are generally s.mall aniniaJ 
glabrous herbs living in w^ater or on mud, wdtli creeping stems 
rooting at the nodes, and o|)posite or whorled, simple, entire or 
serrate, stipulate leaves. The cortex of the stem, . and root ,is 
interrupted by a ring of large longitudinal intercellula..r spaces. ,The 
flowers are solitary or form small dichasia in the ieaf-axiis. ,Tliey 
are small, regular, bisexual, hypogynoiis, and co,iiform, to the 
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foiiiiiiia Sii, Pn, An + ii; Gii, ii being 2, 3, 4 or 5. Soiiietiiiies tlie 
inner wlioii of stamens is absent. The sepals are free or united 
at the base, the petals and stamens are free; sepals, petals and 
stamens persist till the fruit is ripe. The j)istil is s,yiicarpoiis ; the 
iiimiber of chambers in the ovary and of the short free styles 
indicate the number of carpels present. The iiiiineroiis aiia- 
tropoiis ovules are arranged in two or more rows on a central 
column. Self-pollination has been observed in many cases, and 
in Elatim eleistogamy is known to occur. The fruit is a capsule 



Fig. 99. A, Elaiine Hydropipe}\ portion of plant. B. E. Alsinastnmi^ flower in 
leaf-axil, x 10. C. Flower of same seen from front, x 10. B. Floral diagram 
of E. hexandra, E. Fruit of E. Hydropiper in vertical section, x 12. 
s, stipules. (A, E after Seubert; D after Eichler.) 

with septifragai dehiscence. The seeds are straight or ciirv€)d, 
with a hard or membranous, smooth or rugose coat enclosing a 
straight or bent embr,yo, which consists of a largf3 radicle and 
hypocotyl and two small cotyledons. Endosperm, is absent. 

Tlie family is represented in our flora b}^ two species of Elaihie. 
both rare. E. hexandra is found on margins of ponds and lakes 
in the south of Scotland and in England (not in the eastern 
counties), and in north and west Ireland. It occurs also in Western 
and Central Europe and in the Azores. E, Hydropiper, another 
European plant, is veiy rare and in England and Ireland is 
recorded only from muddy ponds- in a few counties. 
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Family VI. VIOLAGEAE 

A small family, containing about - 450 species in 18 genera, 
wliicli are widety distributed in temperate and tropical 
regions but are found chiefly in the warmer parts of the 
earth. One genus, Vida, to which the British representa- 
tives of the family belong, contains two-thirds of the species, 
the majority of which are confined to the temperate zones 
and the mountains of the northern hemisphere. A small 
group of species, characterised by an acaulescent habit with 
leaves arranged in a rosette, is endemic in the Cordilleras of 
South America, and another closely allied group is confined 
to the Chilian Andes. A few occur in subtropical Brazil, at 
the Cape, and on the mountains of teopical Africa respectivety, 
eight are found in Australia and New Zealand and five are 
endemic in the Sandwich Islands. The British flora contains 
about a dozen species, of which F. ixilustris, V. camna (Dog- 
violet) and F. tricolor (Pansy) extend beyond the x4.rctic circle. 

The plants are annual or perennial herbs, as in Viola, some 
species of which are shrubby belowu in tropical and sub- 
tropical genera usually shrubs or small trees, rarely shrubb}'^ 
climbers. 

The leaves are scattered, rarely opposite as in species of 
Hybanthus, simple and stipulate. In Viola the stipules may 
become large and leaf -like. The flowers spring from the axils of 
bracts, and the pedicels bear two bracteoles. They are solitary , 
as usually in Viola, or form axillary or terminal spicate, 
racemose, or panicled inflorescences. Half the genera have 
quite or almost regular flo^vers ; of these the genus Rinorea 
{Alsodeia) (fig. 100, B, G) contains 60 species of trees or 
shrubs in the tropics of both Old and New Worlds. The 
.remainder, as, in Viola, are medianly zygomorpliic owing to 
the larger size of the -anterior petal which is. spurred or 
gibbous. 

Pentamery prevails below the gynoeeium, five sepals, 
five petals and five stamens following in regular alternating 
ivhorls.. The members 'of each ‘who.ii are generally free .but 
sometimes connate at the base. The sepals, are- gree.n in colour 
<aiid generally uniform in size. In Fiofo they are appeiidiciilate, 
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that iSj produced below their point of msertion. The petals are 
larger and coloured. The stamens have a very short filament. 
Ill zygoiiiorpMc flowers the connective of the anterior pair 
of anthers is spurred, as in Viola (fig. 100, D), or otherwise 
appeiidaged. 

The oiie-cliambered ovary is formed by the iiiiion of three 
carpels, of 'which the odd one is anterior. Three" parietal 
placentas bear one to many anatropous ovules. The terminal 
style ends in a stigma which is extremely variable in sha-pe 
even in the same genus. 



.Rc'f, 100. A. Floral diagram of Viola. B. Floral diagram oi Einorea. C. Flower 
of Rmorea macrocar pa, x 3. D. Flower of Viola tricolor, cut open to sbeu* 
relation between petals, stamens and ovary; s, spur of one of the two a ni 
stamens. E. Open fruit of same surrounded by persistent sepals. F. Cleistfi- 
gamic flower of Viola, x 3. Q. Stamen and pistil of same, the antiier, a, 
closely appressed to the stigma. (A, B after Eiehler; G after Ma rti us, Fhr. 
Jtrasfl,; I), E after Oliver.) 

Thnst^ differences in form are associated with vaiiatioiis in the 
me! hod of i)ollinatioii which is effected by insect- visits. 8preiigei, 
more than a hundred years ago, shewed the coiiiiectioii between, 
llie shape of the flower and the visits of bees, together with the 
ioj])r)rtance of the latter for pollination. The spurs of the anterior 
anthers secrete nectar w^hich.is .stored,.m the' hollow spur of the 
front petal. In the Pansy { F. tricolor) the receptive stigiii.atic surface 
is situated in a groove on the front of- the globular stigma, below it 



208 


FLOWEBIlSra PLANTS 


is a projecting valve which when pressed back covers the receptive 
surface. The stigma lies in a groove lined with hairs, formed by 
the anterior petal at the entrance to the spur. The anthers, which 
form a closed cone round the ovary, dehisce introrseiy, and the 
pollen gets shaken into this hairy groove. To reach the nectar 
the bee thrusts its proboscis into the flower just below the stigma; 
ill passing down the groove into the spur the proboscis becomes 
coated with pollen, and on being withdrawn presses back the 
valve on to the stigma which is therefore protected from contact 
with the pollen of its own flower. On entering the next flower the 
insect comes in contact with and deposits pollen on the upper 
surface of the valve; and cross-pollination is thus effected when 
the valve is again pressed back. Many species of Viola, such as 
our British F. canina and F. odorata, have, besides the large 
conspicuous flowers, small inconspicuous cleistogamic flowers 
(fig. 100, P, G). These appear later in the year, and are apetaious 
or have small equal petals; the anthers, wdiich may be reduced 
to two, are closely applied to the stigma, and the style is much 
shortened. The pollen-grains germinate in the pollen-sacs and 
the tubes grow into the stigma through a specially prepared part 
of the upper wall of the anther^. Self-pollination is thus ensured. 

The fruit is a capsule splitting elastically and lociilicidally 
when ripe into three boat-shaped valves (fig. 100, E); in 
Viola these, on drying, may close along the central line 
and in so doing eject the smooth seeds one by one with con- 
siderable force. This ensures their distribution over a certain 
area, as they may be thrown a distance of several yards. 
The Sweet Violet {Viola odorata) and F. liirta bury their 
seed-capsules in the ground. In a few genera the fruit is a 
berry. The small seeds are obovoid or subglobose in shape, 
sometimes compressed, and are attached by very short 
funicles. The testa is generally hard and shiny. Many 
species, including both those with and without an explosive 
capsule mechanism, have an elaiosome (oil-body) on the seed, 
in the form of an appendage of the raphe, and their dissemina- 
tion is aided by ants (myrmecochory). In the climbing genera 
(tropical South America) andn4gaj5en (Fiji and New 
Caledonia) the seeds are winged. The embryo is' straight, 
lying in the long axis of the seed, which it nearly equals ; it 
is surrounded by a copious fleshy endosperm. 

1 See Sabion, L. du. Hmue generale, de Botmiiqtie, xri, 305 (1900). 
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N'liiiieroiis liybrids occur in the genus Viola, The garden 
Pansy is the result of hybridisation between forms of l:\ 
tricolor^ a common cornfield weed,- and other wiki species, 
including F. alMica. 

Family VII, FLACOURTIACEAE 


A. widely distributed tropical family of woody plaiit>s ofixui 
forming tall trees, with generally alternate leaves in two ix>ws; 
the leaves are generally thick, leathery, a.ntl inargreen, and arc*' 



Fig. 101. A. Flower of in vertkm seetioii, x (1; (I, B-G. Panghnu 
edule, B. Male flower, nat. size; p, petal; s, scale. C. Side view^ of stamen, 
enlarged. D. Female flower, nat. .size. E. Lower part of tlie ovary, shewing 
outgrowths of the floral axis in the form of .scales, .s; enlarged, i\ Fruit 
after removal of the upper portion of pericarp, revealing the .seeds; reduced. 
G. Seed cut lengthwise shewing the embryo, f nat. size. (A after Warburg; 
the rest after Blume.) 

])ro\^i.ded with stipules wiiich usually fall early. The flower.s are 
generally s'lnall and arranged in lateral or terminal cyuiio.so 
ioflorescences; in Omoba (chiefly tropical Africa) they are often 
very large and, sweet-scented and generally axillary, Tliey are 
regular and generally ■ bisexual but sometimes iiu,i.sex'i.:iai tis in 
Pangium (fig. 101) (monoecious or dioecioi,is). The struetyure is 
very .varied, generally cyclic but sometimes spirocyclic. The 
number of sepals varies from 2-15, they are usually free, imbricate 
ill the bud, and equal in size they are, sometimes united, below to 
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form a short tube which is usually united with the ovary/ 
ovary becoming half inferior (fig. 101, A); in one genus, B&nib't 
they are superior. The petals are sometimes wanting, as 
Gasearia (fig. 102, B); when present they are usually equal' 
number to the sepals (fig. 101, A); in Oncoba and allied gene 
more numerous; in there is an inner whorl of peta 

(fig. 102, A) ; the}^ are free, usually imbricate in bud and large 
than the sepals. In Erythrospermum and allied genera the spiral!} 
arranged sepals and |>etals pass gradually from one to the other, 
and may be petaloid or scale-like. The stamens are usually in- 
definite, sometimes arranged in bundles alternating with the 
sepals or opposite the petals; they are arranged in one wiiorl, 
or in two, or apparently irregularly; they are usually free. The 



Fig. 102. Floral diagram of A, Dlssomeria; B, Gasearia; cl, io)3e of disc; 
inner petal ; o, outer petal. ( After Warburg, ) 

anthers are two-ceiled with longitudinal dehiscence; they are 
variously shaped and often drawn out into a point {Oncoba) or 
variously appendaged. Oiitgrowihs of the floral axis are present 
in very great variety; in some cases, as in Pangium, in the form of, 
scales opposite and often united with the base of the petals; in 
others in the form of glands occupying very various positions with 
relation to sepals,. petals and stamens. Flacourtia has a ring-like 
.disc ; in Gasearia there are developments of the disc between the 
stamens; occasionally a cup-like ;.d.isc . surrounds the ovary. In 
other cases a conspicuous variously, appendaged corona is formed 
between' petals and stamens. The pistil consists of ' 2-10 ' united 
carpels and is generally .superior, but sometimes half -inferior as 
in Homalium (fi.g. . 101,' A)' and' other genera; in .it is 
quite inferior. It is usually unilocular, with three to .five parietal 
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placentas boariiig numerous ovules the positions of whicli are Y&ry 
various. In Flaccmrtia and others it is incoiiipletel}^ cliaiiibered, 
rareir complete^ cliambered. There is a single stylOj ' or several 
are ]>reseiit equal in number and alternating with the placentas. 

That I'iolliiiation is effected by insect -agency is indicated b,y the 
large size and bright colour of the flowers in some genera, their 
strong scent and especially by the great variety of intrafloral. 
nectaries. Extrafloral nectaries occur on the leaves in ma-iiy genera,. 

The fruit is a capsule or a berr}^ or a one- to inany-seeded 
iiideiiiscent structure. The seeds are generally small and ininieroiis. 
Endosperm is present, usually in cpiantity; the straight e^mbryo 
has a siiiall root and usually large flat cotyledons. The hard seed- 
coat often bears a conspicuously coloured aril. 

The fleshy acid fruits are sometimes edible, as in Fhcmirlia, 
IFmgium edule, a large tree wliich occurs tlirouglioiit the M’alay 
Archipelago, has a very large egg-shaped indehiscent capsule, 
containing many large seeds with a copious oily endosperm, 
(fig. 101, F, Gj; the seeds are eaten after long soaking in water to 
remove a poisonous constituent. In PhyUobotry'w^^^^ and other allied 
west tropical African genera the axis of the i].i'fiorescenco lias 
become united with the midrib of the large elongated leaf. In 
another West African genus, Bcirteriay the large internodes are 
hollow and afford shelters for ants. 

There are about 70 genex'a and 500 species. 


Family VIII, PASSIFLOR-AGEAE 

Contains 12 genera and nearty 400 species spread oven’ the 
warmer parts of the world but largely American. It consists 
chiefly of herbs and shrubs with alternate, generally stalked, 
lobed and stipulate leaves, climbing by means of tendrils 
borne in the leaf-axil. The tendril may often be seen to 
correspond to the central flower of a dichasium or the first 
fl.oiv'er of a moiiocliasium. The frequently large showy flowers 
are regular and bisexual or sometimes imisexual. 

l,lie large receptacle is often hollowed out like a cup or 
basin, as seen in the Passion-flower, , and bears' nmiieroiis 
filamentous or annular appendages between the corolla and 
stamens, which may be brightly , coloured and form., a con- 
spic.iioiis corona of great diversity in form. There .a,re generall j 
fi.ve sepals , (more rarely- three to .eight), five pet.als (more 
rarely three to .eight,, sometimes .absent),, five stamens (iiio'.re 
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rarely four to eight or indefinite) and three to five carpels. The 
calyx and corolla are perigynous; the petals are almost in- 
variably free. The stamens and pistil are raised on an interiiode 
(aiidrogynopliore) in the centre of the flower. The ovary is 
one-celled with parietal placentation, and several to niiiiieroiis 
anatropous ovules. The styles, corresponding in number with 
the carpels, are free or united at the base; each bears a 
capitate stigma. 

■ Pollination is effected by aid of insects, in the ■ attraction 
of which the remarkable corona-developnients doubtless play 
an important part ; the flowers are often strongly scented and 
nectar is secreted on the receptacle. Humming birds also 
visit the flowers. Extrafloral nectaries occur on the leaf- 
stalks. 

The fruit is a capsule, or, as in Passiflora^ a berry with a 
leathery , fleshy or sometimes membranous wall enclosing a 
pulp in which the seeds are embedded; it generally opens 
either irregularly or loculicidally, and is rarely indehiscent. 
The generally numerous seeds have a sac-like axil, which is 
often red in colour and probably assists in the distribution 
of the seeds by birds. The embryo is enveloped by a fleshy 
endosperm. 

About three-fourths of the species (more than 300) are 
included in the genus Passiflora (including Tacsonia), chiefly 
found in the w^armer parts of America with a few species in 
Asia and Australia and one in Madagascar. Many species 
are known in cultivation as Passion-flowers and Tacsoiiias. 
Several are cultivated in the tropics for their edible fruit; 
P, quadrangular is is the Granadilla, a tropical American 
species. Adenia contains about 50 species in tropical Africa 
and Asia, one of which, A. globosa, a native of the desert 
country of Tanganyika territory, is an exception to the usual 
climbing habit, having a very thick globular fleshy stem witii 
very small leaves. Another xerophyte, Ediinotlmmnm, is a 
nionotypic genus from Damaraland and forms a thick 
.fleshy cushion-like growth fixed' in rock-crevices by. a strong 
tap-root. Tetrapathaea is a ■ monotypie ' genus from New 
Zealand. 
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Via. J^tfsmjUym. A, B. Diagram and ground-plan of arnuigmiieut of iiovvc^r 
(►f P. focnilea; ft, main axis; I, foliage-leaf bearing in its axil a tendril, I, 
wfiioh eorresponds to tlie central flower of a dichasiiim; 1 1 , iabau! llowt^r of 
the dicliasiimi (the opposite lateral flower is undeveloped); h, its })ract which 
has been raised on the flower-stalk and forms with the l)racteoies (a^ ji) mi 
in\-oiuei’e; d, a secondary bud borne in the axil of the leaf, 1. C. Flor-al 
diagram. D, E, F. P. alata. D. blower in longitudinal section, s;;; ■/, in- 
volucre; S', sepal; petals; c, corona. E. Branch bearing fruits, one of 
wliicli is cut open shewing the seeds, x F, Transverse section of ovary, 
enlarged. (A, B, C after Eicliler; D,'E, Ffrom Martius, Flor. Brasil.) 
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Fig. 104. Oarka Papaya. A. Female.tree bearing fruit, mucli reduced. B. Bia- 
. , gram of bisexual flower; s, sepal; petal; stamen; o,. ovary. G. Male 
onf. nriP-TTi B. Bisexual flower ouf open,'x |. , Female_ flower, x f. 
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Family IX. CARICACEAE 

A small family of doubtful affinity represented mainly by 
genus Carica, with 21 species in. tropica! and subtropical; 
America. The best known is G, Papaya (Papaw), widely cultivated 
throughout the tropics for its large edible fruit and 'unknown in 
the wild state. The plants are small trees with succulent steins^ 
and spirally arranged exstipulate leaves which are generally 
loiig-staiked and. palmately or pimiately compound. The tissues 
are permeated with a network of laticiferous vessels, which in 
C. Papwya contain an active peptonising ferment, papain. The 
inflorescences are axillary with dichasial branching. The flowers 
are unisexual, the plants being monoecious or dioecious as in 
0. Papaya, wiiere the female inflorescences are one- to three- 
flo'wered, wiiile the male form richly branched pendulous panicles 
i:n whioli the terminal flowers are sometimes bisexual or female. 
The flowers are pentameroiis and regular. The petals in the male 
flower are united beloiv into a long tube on wiiicii the stamens are 
attached in two wiiorls at different levels. The corolla-tube in 
the female is short; the three to five carpels form a superior 
one- or five-chambered ovary with numerous aiiatropous ovules 
attached to parietal placentas, and hearing free styles. The fruit 
is a large berry containing numerous seeds. In C. Papaya it is 
one-chambored, the hollow?- cavity being lined by the seeds ; where it 
is several-chambered the seeds are enveloped by a soft pulp derived 
from the partition walls. The testa consists of a soft fleshy outer 
coat and a -woody inner coat. The ©mbr^m has two large flat coty- 
ledons and lies in a soft oily endosperm. The small genus Cylico- 
morplia contains one species in the Cameroons and another in 
the mountains of east tropical Africa. Otherwise the family is 
tropical American. 

Caricaceae has generally been placed near Passifloraceae, ' -which 
it resembles in the structure of the ovary and fruit, but di'ffars in 
the structure of the flowers— union of petals and double row of 
stamens — and the form, of the vegetative organs. Van Tiegheiii 
regards 'it as allied to theCiiciirbitaceae, on account of the^ structure 
of tlu‘ o\'uk‘. which has a thick long-persistent riucellus, and two 
thick i'n teguments; the vasciilar bundle fmm the raphe enters 
the inner integument at the' chalaza and branches widely. 

; Family X. LOASACEAE 

' , Herbaceous or shrubby .plants, ■ sometim,es climbing, with 
alternate or 'opposite, entire, iohed or pinnately cut, exstip'ulate 
leaves,, and generally more or less covered with hooked or.so'nie- 
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times stinging liairs. The flowers are' bisexual. The receptacle is 
united with the ovary and forms-, a. variously shaped tube. The 
flowers are very various in form, but generally have five sepals, 
as many alternating petals, which are usually free, and numerous 
sl'amens arranged in groups opposite the often concave petals; 
stamiiiodes or nectar-secreting scales' are frequently?- present 
opposite the sepals. The ovary is entirely or partly inferior; the 
three' to seven carpels have each one to numerous ovules usually?' 



Fig. 105. Mentzelia aspera. A. Tip of shoot with flower, x f. B. Floral diagram. 
C. Flower in vertical section, x 2|. I). Fmit shewing apical dehiscence, x 5. 
E. Seed, X 7. F. Seed cut lengthwise, x 7. G, H. Bristly hairs, x 60. 


on, parietal placentas;, the ovule has. only one integument , The 
fruit is a straight or spirally twisted ca23suie, usually with five 
to seven valves..' The seeds contain endosperm. .(.Fig. 105.). , 
There are 13 .genera and -about 2.50 species. T.he chief centre of 
distribution is Chile, but the family is well represented in tropical 
South .America, spreading southwards to Argentina and northwards 
.through Mexico to California with a few .species, in the north- 
eastern United States. The only Old 'World representative is 
Kissenia, a moiiotypic genus, native' of the dry . country?' of south- 
west Africa, Somaliland and South Arabia. 
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Species of Mentzelia^ Loasa and- Cajophora are we^ll -known in 
gardens. 

Tlie affinity . of tliis fainily is also doubtful. 

Orders. PEPONIFERAE 

(ClTCJtTEBITALES) 

-Flowers generally unisexual, regular and geiierally pen.ta~ 
iiieroiis, with reduction to three in the pistil: stame:i,is some: 
times indefimte. Pistil inferior; the large placentas bear 
niiinerous ovules . with a large persistent niieellus and. t'wo 
well-developed integuments. Endosperm a.bsen,t or scanity. 

Mostly tropical herbaceous plants, often climbing. 

Alli,ed to the previous order through Passi„fioraceae and 
.neighbouring families. 

Family I. .CUCURBIT ACE AE^ 

Flowors genera],ly diclinous, regular and peiita..i.ii.eroiis, 
usually wit.h reduction to three in the pistil. Catyx: and corolla 
epigjmoiis, generally inserted with the stamens at, the edge of 
an epigynous oiitgrowd..h of the receptacle. Corolla g;en,erally 
:S 3 mipetaloiis ; stamens united, in pairs, or into a si.iigle colum.n, 
rarety free. Placentas thick, fleshy, bifid, bearing a number of 
ovules on each side. Fruit fleshxy rarety dehiscent. Seeds with- 
out endosperm ; embiyo straight with large oily cotyledons. 

Annual or perennial herbs, with scattered long-stalked 
palmiiierved exstipulate leaves ; generalty climbing by means 
of tendrils. 

Genera about 100; species about 800, in the warmer parts 
of the wmld. 

Th.e , cotyledons appear above ground as the first grea^ii 
leaves of,,' the plant. They- are general^ more or less oblo'iig 
111 sliape, suborbicular in Bryony, and thoug.li enti'.',re in tli.e 
■seed often become eniarginate from subsequent retardation of 
growth, at the apex. In Gucurbita the escape of the cot^dedoiis 
from the seed is aided by development of a peg upon the 
lower side of the liypocotyl by wffiich the' lower half .of the 
testa, is pressed to the ground, while the upper half' is, raised 
}3y growth of the plumule. 
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The family consists chiefly of climbing herbaceous annuals^ 
which contain a large amount of sap in their vegetative organs 
and have a remarkably rapid growth. Dendrosicyos, a genus 
of two species, confined to the island of Socotra, forms small 



Fig. 106. CUruUus Colocynthis. A. Stem bearing a leaf with which are associated 
a male flower, a lateral branch and a branelied tendril. B. Male flower cut 
open; of the five stamens four are joined in two pairs and one (the central) 
is distinct. C. One pair of stamens. D. Female flower in vertical section. 
E, Ovary in transverse section. F. Fruit. G. )Seed. H. >Same cut lengthwise. 
A, F, G', H somewLat, reduced B-E enlarged. , ‘ ' : 

trees,: but the Btem is' soft, like a- turnip. Climbing is efliected 
by tendrils, :the morphological value of which has been much 
disputed. ' The. leaves' are; arranged In a, | , phyllotaxy on the 
often.' five-angled stem. If .we trace The ;:ieaf -spiral., Bpwwds 
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the position of tlie teii.d.ril is on the tipper or anodic side of ^ 
the leaf -base. In the leaf-axil are borne the flower, or il- 
florescence, and. a branch; one. or other may be ahs«!),t in 
different genera or species. Thus in 

Marrow) we^fi-iid associated with one leaf a flotver, a leaty 
branch and a branched tendril (fig. 107, A; see also Citnlhis^ 
fig. 106) ; ill Cucumis sativus (Cucumber) a median fl.ower, an 
iiifloresceiice, a leaf-branch and a tendril, or exceptionally 
a pair of tendrils (fig. 107, B; see also fig. 110.) 



Fig. 107. A. Oroiind plan of arrangement of flower, shoot and toidril in Curu/'- 
bita PejH); a, main axis^/, foliage-leaf subtending a male or female {lower; 
6, ieaf-shpot ; if, tendril ; the numbers indicate order of development. E. Same 
in Cacumis saUvus; indicating letters as in A; to the left of the axillary male 
flower IS a secondary male inlloreseence, the circles mdicating the or(.Ier of 
de\ clopment of the fioAvers. C. Diagram of female flower of Cucurbiia Fepo 
with five carpels; s, whorl of staminodes; glandular ring. D, E, Arrange- 
ment of pistil of same with four and three carpels, in relation to the axis. 
(Alter Eichler.) 

In Echallimn, the Squirting Cucumber of the Mediter- 
ranean region, a prostrate herb, there are no tendrils. 

The explanation suggested by. Braun and adopted l>y Eicdiler 
a.nd others, is the following. The flower is the axillary shoot of 
the foliage-leaf, the tendril; is one of .its. bracteoles; ih.e other 
braeteole is suppressed or exceptionally developed as a tendril 
as in Gmmnis saiivus (Cucumber, fig. 107,’ B). The leafy brancli is 
a shoot borne in the axil of the tendril-like braeteole ; the fl.owering 
branch is similarly a shoot borne in the axil of the second, usually' 
aborted, braeteole. The tendril ■(braeteole) has become pushed 
out of its original positio,n on the primary .shoot (or flower) to its 
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present position by the side of the foiiage-Ieaf. . When, oniy one 
tendril ' is present the primary shoot (or flower) also becomes 
pushed towards the anodic side of the leaf-base ; when two tendrils 
are present it preserves its median position. In sterile leaf-axils, 
the primary shoot (flower) remains undeveloped, its bracteole 
(tendril) and secondary branch (leaf-branch) alone being developed^ 
or the tendril may also be absent. The leaf -spiral on the branches 
rims ill the opposite direction {antidromons) to that on the main 
axis. When the tendril is branched as in Oiwurhita or SecMmn 
(fig. 110) the order of development of the branches is homodromoiis 
with the leaf -spiral of the main shoot. 

According to this explanation, therefore, the tendril is a bracteole 
which has become pushed out of its place. Another theory, ad- 
vanced by E. G. 0. Muller in the Pflanzenfamilien, is based on the 
series of transitional structures between tendril and leaf found, in 
Cumrbita Pepo. Sometimes the petiole twists round a support, 
sometimes the leaf -apex or its lateral ribs are tendril-like, or the 
tendril is a simple thread or a branched structure. Muller assiimes 
that the twining part of the tendril is a leaf -structure, while the 
lower stiff portion is a stem-structure; the stem portion may be 
reduced to an inconspicuous or invisible rudiment. Other ex- 
planations have been advanced. 

Engler^ has shewn that in Kedrostis spinosa (Tangaiiyika 
territory) the explanation is a simple one; the leaves have thorn- 
like stipules one or other of which may grow out into a teiidril. 

The leaves shew considerable variety in form, but are very 
often palinately lobed or divided. A very constant character 
is found in the veiniiig. The two strongest lateral nerves 
spring right and left from the base of the midrib, at about 
half a right angle. The other strong lateral nerves spring 
not from the midrib but from its first pair of branches, and 
are themselves the source of the next largest ribs (fig. 109, A). 

Acanihosicyos- is a thorny leafless dioecious shrub, three 
to fi,ve feet high, found in' the sand-dunes round about 
"Walfisch Bay in S.W. Africa. The thorns are modified stipules. 
This remarkable plant has a thick root, w^hich may reach a 
length of 15 metres. ■ 

Stem and leaf shew a well-marked anatomical character. 
The vascular bundle is bicollateral, the xylem being covered 
both inside and .outside, by a broad phloem-band containing 
• ■ large,, sieve-tubes; . it 'is separated. from, the" outer band alone 
^ Engier’s .Soto. XXXIV, 362 (1904). 
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caiiibirim, Tlie typical arrangement in the stein is two 
alternating circles of bundles, five in each. Other arrangements 
may be derived from this by splitting, union, or disa.ppearaiiee 
of one oimiiore biiiidles. 

The diclinous, rarely bisexual, flowers are solitary or boriii^ 
ill inflorescences of various kinds, of which the male are more 
richly branched than the female. The androeciiini is often 
represented by staniinodes in tiie female fl.o'wer, and tin? 
gyiioeciiim b}^ an aborted pistil in the male. The flowers ara? 
:regiilar. Tlie perianth and stamens are attaclierl to an oft.eii 
cup- or bell-shaped production of the receptacle, whiieli is 
above the ovary in the female flower (fig. 110,13} (compare 
Rihes); the sepals are narrow^ and pointed; the eoroila is 
generally gamopetalous, sometimes polypetalous. Aiiot I ku’ 
view of the structure of the flow^er is that wh,a,t we have lierfc 
called a production, of the receptacle is a coniirioii.base of thc^ 
calyx and corolla, the stamens being then epipetaloiis. The tirsl 
mentioned seems the more natural vi.ew, assiimiri,g the afiiiiity 
of Ciiciirbitaceae with the perigjnious Poty petalae. This affinity 
is illustrated by the tropical American genus Fe-viUea (fig. 109),' 
which, has five free petals and fi,ve free stamens alternating 
with them. The anthers are two-celled and dehisce by a. 
longitudinal fissure. There is no indication, even in' young 
anthers, of more than two cells. ■ In Thladimitha ^(Iiidia to 
North China) two pairs of the stamens are closely approxi- 
mated in the lower part of their filaments, the fifth standing 
apart. In Sicydium, the same pairs have their ,filanients 
united below, and the union between the filaiiieiit and anther 
of each pair becomes more pronounced in various genera till, 
as ill Bryonia, li'oniordica (fig. Ill, A) and Citndlus (fig. 106, 
B), it i.s complete and the androecium apparently consists 
of three stamens, two with four cells and one with two cells. 
Further ^ co,niplicatio,n is introduced by the curving of tlie 
cells; in Chicurbita (hg. 108 , E) they are much curved and 
by tlie cohesion of the connective ,the 'anthers are united into 
a. central column. Lagenaria resembles (Jucufbiki., hiit ' the 
a,nthers are irregularly curved (fig. 108, D); , in Sicyas^ 
(fig.' 108, C) and in Sechium the filaments are miited into a 
column bearing the anthers which are remarkably .curved in 
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the former. The most aberrant form occurs in Cydanthera 
(warmer parts of America) (fig. 108, A, B), where the stamens 
are completely united into a central column with two ring- 
like pollen-containing chambers running round the top. The 
inferior ovary is of very various external form, from, long 
and narrow to spherical or flattened; it may be cylindrical, 
or sharply angled or winged; smooth, hairy or prickly. 
There are generally three carpels, more rarely four or five; 
the generally numerous ovules are borne on asmiany thick 
fleshy bifurcating placentas which fill up the unoccupied 
space. In. a few genera, as in Sedimm (fig. 110, D), the ovary 
is unilocular with one seed. 



Fig. 108. Types of androecium. A. Male flower of Cydanthera cut open to shew 
the androecium. B. Androecium in vertical section. C. Sicyos, filaments 
and anthers united. D. Lagenaria and Cucurhita, with curved anthers 
united into a column. All enlarged. (C~E after Miillen) 

A transverse section of the fruit shews three (four or five) 
radiating lines with twice as man}?" groups of seeds near the 
circumference (fig. 106, E). The simplest explanation of this 
appearance is that the edges of the carpels meet in the centre 
of the ovary and then curve outw^ards across the middle of 
each chamber, bifurcating near the circiimfercmce and 
bearing the ovules on the two incurving edges. The original 
carpel walls have become indistinguishable and form the 
. pulpy mass of ,, the fruit. The style is , generally , columiiar 
, , bearing nne forked, stigma for each carpel. The stigmas .are 
commissural, that is, .above the dividing lines,,,, between the 
carpels, not, as we should expect, above their dorsal sutures. 
This position is explained "by assuming that; each is, a joint 
structure composed of a branck of the stigmas of two adjacent 
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carpels. The ovules are anatropous, with a short thick 
funicle and two integuments. 

The flowers are sometimes conspicuous by their size and yellow^ 
colour (for instance, Marrow, Cucumber); others, as in Bryoii}", 
the only British representative of the family, are small and greenish. 
The smallest, however, are rich in nectar and make up by iiiiiiibers 
for their small size. In Bryony the male flowers are twice as 
large as the female. Nectar is secreted by the floor of the cup- 
shaped disc, which ill the male becomes roofed in b}^ the stamens. 
Approach to the nectar is allownd through the three longitudinal 
apertures between the stamens and through the top between the 
upper ends of the anthers. As a result of the winding of the anther- 
cells the pollen on dehiscence collects towards these apertures so 
that an insect probing the flower for nectar will also collect pollen 
on its head or on the under surface of its body. In the female the 
style rises in the centre of the cup and divides into three spreading 
broaddobed branches the papillae of 'which will collect pollen 
brought on the head or ventral surface of an insect- visitor. Thiii;. 
cross-pollination, necessitated by the unisexuality of flowers, 


irtrii 


"soft, fleshy and indehiscent. 


s facilitated. 

The fruit is nearly ^ 

omitig a Meta or' Cucumber the epi- 

rind, a variety “ "fX 

It Sometimes reaches an enormous size as in Melon, Maiiow 

or Sqn.ah. and vmet much in chape, even in the same speo.e^ 

Note for instance, the different forms of Pumpkin, a . 
Malrow [Cucurbita Pe^o), and of the Calabash {Lagennna) 

The ripe fruit of Ecballium is highly turgid; when touched 
it^uMenly leaves the stalk, and the seeds, toother with a 
watery fluid, are squirted with considerable foice^, ^ 
IsSc sEhng of the pericarp, throj|||i the aperturqthus 
formed at the lower end. In Cydanmm exploded O^ou h 
American Andes) one half of the zygomorphic fruit rolls 
Oack elastically and shoots out the ^ ^ ^ 

P The seeds have no endosperm and contain a steaight y 
radicle and large flat cotyledons -tach are rmh m 
o<l- they are often flattened. The seed-coat generally consists 
of seyeLl (often ten) layers; the outermost iS derived from 
iTa^ellLy wall, ind is. lilte the next layer 
the integnment). capable of swelhng m wafer. Then touow 
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In Moinordica Gliarantia (fig," 111) the orange-coloured fruit 
opens by three valves which bear the bright eriinsoii seeds, the 
outer coat of which is pulpy. The fruit of Fevillea is a berry, 
often large, which finally becomes diy and somewhat hard. 
The large flat seeds have a thick integument enclosing a large 
embryo with thick cotyledons w^hich are rich in oil (fig. 109). 



Fig. 111. Moniordica. A. Male flower of if. Balsamina, B. ¥vmt of M.Charfiniia, 
C, Same openmg, X I). Seed, x 3. ( A after Baillon. ) 

Cuclirbitaceae is a widely distributed family, most abun- 
dant in the tropics, and wanting in the colder regions. .Three 
genera occur in Europe-: Ecballmm is monotypic and confined 
to the Mediterranean region,., where' occurs; also the -colo- 


eynth, Citmllm Colooyniliis, Our sole' British xepresentative, 
[Brvonvl . spreads from' the Mediterranean 
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region into soiitli and central Europe, A second species,, 
alba, distinguished from Bryony by its black fruit, and. 
monoecious flowers, is found in central Europe; and a tliircl, 

B, cretim^ in, the eastern Mediterranean., The genus contains 
.live species besides, one in the Canary .Islands, and four i,i,i 
further Asia. Three genera occur in temperate- Eastern Asia» 
111 A,merica,, Sicyos angulatus in Canada goes farthest iiortln 
■\vliile the two tropical American genera, Cncnrhita and, 
Echimeystis, reach as far north as' California and Oregon. In 
the soutlierii .hemisphere, the family occurs outside the 
tropics at the Cape, in Australia, New Zealand and Argentina, 

The Old Wo,rld has the greater number of genera, but 
America coii.taiiis tlie greater number of species. Excliidi,iig 
fjiicurhita^ which is probably not endemic in the eastern hemi- 
sphere, seven genera only are common to the East and 
Of these iMehthria is one of the larger, with 60 species in the 
warmer parts of both Worlds, wTiile Cticmais lias 30 species, 
chiefly tropical African, but also general^ distrifmted in warm 
regions. G\ Meh (melon), a native of south Asia and tropical 
Africa, is widely cultivated; C. saMvus (Cucumber) probabty 
originated in lndia, and lias been cultivated fro.ni earliest times. 
T,he fact that this, like Cuciirhita Pepo and other tropical 
members of the family, runs through its life-history from seed 
to seed i.n a few months, allows of its successful cultivation in 
tlie siiiiinier in climates like our ow.n. CitruUus, a genus iiea.iiy 
allied to Cuouniis, ha>B four species; two South .African ; a third, 

C. vulgaris, the Water-melon, native in tropical and south 
.Africa, which was cultivated in Egypt and the East in earliest 
times, and had spread into southern Europe before the 
Christian era; and C. Golocynthis, which differs fro.iii the last 
in its bitter .fruit and extends from N.W. India to tropical 
Africa and the Mediterranean region. 

Many of the fruits are of use to man, while a few species 
a,re cultivated' as ornamental plants, or as curiosities {Echal- 
liua'i). The dried fibrous tissue of the rind of the fruit of 
Luff a cylindfim (Old World tropics) is- the welldmowii 
loofah sponge. 

There lias been considerable difference of opinion as to the 
affinity of tliis family. The older botanists, such as .Robert Brown, 
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De Candolle and Nandin, placed it with Pasafloraeeae among the 
perigynoiis polypgtakais families, and this ^ew was adopted, by 
Benthani and Hooker. Eichler, on the other hand, placed it near 
Gamp^inLaceae as an appendage to his series Campamilinae, basing 
his decision on the typically epigynpus j)entamerons Howlers, the 
frequently gamopetalons corolla, the tendency to miion of the 
stamens, and the form of the calyx with narrow yet piainiy leaf- 
like points. This view has been followed by Engler who places 
the family by itself in an order Cucxirbitales, next to the order 
Campaniilales. There are, hoxvever, strong reasons for adopting 
the older view. The important characters of the ovule-structure 
which has a large persistejit nnpellns, frequently an extensive 
tapetal tissue, and t\yo distinct integuments, are at variance with 
a position among the typicah sympetalous families but find a 
parallel in Passifloraceae and allied families, in which we have 
also noted a tendency to union of the petals and epigyny. We 
have therefore adopted the position suggested by Hallier and 
regard Cucurbitaceae xvith Begoniaceae (and the small family 
Batiscaceao) as forming a distinct order next to the Passifloraceae 
group of families^. Recently P. Viiiliemin‘^ has maintained that 
Cucurbitaceae and Begoniaceae must be relegated to the apetaloiis 
group of orders, among wdiich he classes them with Balanophoraceae, 
Rafflesiaceae, Datiscaceae, Nepenthaceae and Aristolochiaceae. 
He regards them as apetalous and the so-called corolla as an inner 
calyx. 

Family II. BEGONIACEAE 

A small wddely distributed tropical family included almost 
entirely in the genus Begonia with more than 400 species in 
both Old and New^ W^orlds but absent from Polynesia and 
Australia. There are four other genera, Hillebrandia and 
Symbegonia^ each wflth a single species in the Sandwich 
Islands and New Guinea respectively, Begoniella with three 
species in Columbia and Semibegoniella with three in Ecuador. 

They are mainly succulent herbs, generally erect, but often 
creeping, or acaulescent wdth an underground rliizoiiie or 
tuber, the latter formed from the swollen hypocotyl or by 
local swelling of the rhizome. Many species of Begonia are 
root- climbers. 

The leaves are ■ alternate in tw^o rows on the elongated 

' ^ See also J. E. Kirkwood in Bull. New York Botan. Garden, ni, 3 13-402 
(1904), and J. M. Coulter iniSo^aw-. Gazette, xxxix, 73 (1905). 

^ Annales d. 8ciemes Nat'iirelles, Botan. Bet. :s.,v, o 
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steams : ill creeping stems and root-climbers they are arranged 
dorsiventralty. They are genei*ally asymmetrical, stalked 
and sncciileiit, often biilliaiitlyvariegatedj generally pal mat ely 
iiervecL with an entire, toothed or lobed margin or paJmately 
divided. The stipules are generally large and. often persist 
after the fall of the leaf. Hair-structures on stem, and leaf 
shew a remarkable variety in size and form, and there are 
also transitional structures from true hairs to emergences in. 
wiiicli the parenchyma beneath the epidermis talces part, 
(.(•roups of small tubers are often found in the leat*-axi,ls ■which 
co.r.respo]id to the lateral branches of a su|ipressed axillary 
shoot. Adventitious buds are very readily j.)rod,iiced, 
especially on isolated, portions of tlie leaf, as in the method 
of propagation of the Rex Begonias (with large ornamental 
leaves) hj buds which readily for.in when, the cut siufacci 
of the leaf is kept moist in the .soil. A callus is fornuid 
over the wound, and buds arise on the upper leaf“Srir!‘a(*e, 
iit tl:i,e poi:.n.t' of section of tlie nerves, from a in,cristei.iiat.ic 
tissue which is developed from the callus., and also on tlic?. 
nerves beyond the cut, by division of a group of epidermal 
cells ; they are specially associated with ceils wliicb ■ bea.r 
tric.lioiiies. 

Ill addition to the normal open or closed ling of vasciilan 
bundles in the stem, caiiline bundles occur, espeicially in 
tuberous and t,hick-stemmed erect species, which, run. 
separately through the internodes and uiii.te at the nodes 
with the vascular ring; in some species also cortical bundles 
occur. Crystals of' calcium oxalate belonging to the quadratic 
system are p.resent, either solitary or grouped in gland Sy and 
cystolitlis are frequent, especially in the leaves, taJdiig the 
form of double cystolitlis, more or less spherical structures, 
on the commorr wull of two nei,ghbouriiig cells. The hi- 
flor(\scence is generally axillary an.d .forms diciiasia with a 
teiidcuicy to pass into monochasia of the helicoid type. Tlic^ 
primary axes end in a male flower; the, fe.male fl.ow''ers arc)' 
borne on the last or last axis but one. . 

The floivers are. monoecious, generally soiiiewdiat zygo- 
iiiorphic, ■wit.ha si.iiiple perianth ; in HiUebrandia mid £egowiW& 
an, inner whorl of ,s.mall, petals is- present, alternating wdth the 
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sepals. Except in BegonieUa and the female 'flower of Synt- 
begorda, yfhem ihej unite to form a tube, the periantli-leaves 
are free. In the male they are generally two to four in nniiiber. 




Fig. 112. Begorda. A. Diehasium of R. scmidens, ahewiiig a central male flower, 
a female flow^er and a male fiowei*-bnd, x 2|. B. Transverse section of 
ovary of same, x 5. C. Portion of transverse section of ovary of B. ar,irminaia 
* shewing a forked placenta, xo. D. Diagram of dicliasiuni of B, acumnafa 
shewing a central male flower with four sepals in tw^o pairs and two lateral 
female flowers with bracts and bracteoles la and B) and five sepals. (D after 
Eichler.) {Fmm Mor. Jam.) 

in the .latter case in opposite, pairs, the , large "outer pair 
alternating with and covering the smaller inner pair. The 
nimierons stamens (four in are in many, whorls, 

and are free or,. with filaments mo,re,or,less united,' to form, a 
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tube..' The two-chambered anthers are basally attached and 
the connective is .often produced; the- anthers dehisce by 
means of longitudinal slits, rarely ' by pores. In th,e female 
flower tli,e perianth, is superior, with generally two to live 
(i:*a.rely six to ei.glit) parts; the two outer j,iieinbe,rs more or 
less cover the inner. Except in HiUehramlia, where the upper 
part is free, tli.e ovary is quite inferior; it geiiera..-l,ly bears 
one to t.hree, rarely six, wings, and is usually completely 
to three-, rarely four- to six-chambered, with ge'iierally 
a^xile placentas -which are simple (fig. 112, B) or forked 
(fig. 112, G), or even twice forked. In ILiUehni/ndia the ovary 
is iiriilociilar and there are fi.ve forked recurving parietal 
placentas." The yqtj ii'iimerous anatropoiis ovules liave t\\"o 
integuments. The tivo to three, rarely four to six, styles arc 
sometimes united at the base; they are generally deeply 
forked ; tlie o.ften twisted branches bear the stiginat'ic3 papilla-e. 
In spite of absence of floral nectaries and, except in a few 
cases, a distinctive scent, the flowers are. probably i.nsect- 
polliiiated. 1?he spreading, bright -white jiiiik, or scarlet 
peri, aiith -leaves and sometimes the additiona.l attraction of 
cjoloiired bracts suggest entoniojohity, as does also the later 
fl,oweri-iig of the female flowers which terniiiiarte the younger 
branches of the iii.fl.orescence, so that in the earliest sta.ge the 
infl.orescence is male. 

The fruit is generally a horny capsule splitting lengthwise 
along the wings. The seeds are minute and "very numerous; 
when ripe they contain no endosperm but are filled by a 
small straight thick poorly^ differentiated e:mbryo, the cells 
of w^hich are rich in oil. 

The groat nuijority of the species of ilcf/oirfa iiihalut danij) districts, 
especially shady woods. The greatest, development occurs in 
brazil and in i he Aialine- regio,n and extends as far as Mexico ; the 
next largest dislributio,n centre is in the rain-forewt (listricjt of the 
Easiorji Himalay-a, the mountains of further 'I.ndifi, and tlie Malay 
Arciiipelago; eastern tropical Africa has fe\v species, wiiile the 
damp forests of the Canieroons and' Gaboon are rich in species. 
The perennial tubers which, characterise certain sectio.n,s of 
Begonia are adaptations to the drier and cooler distiiets of the 
Andes, and a similar development occurs In South. Africa. (on the 
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niountams of Natal), and also in the dry climate of Socotra where 
one species is found. 

The affinity of the family is obscure. A parietal placeiitatioii 
is present in^ Hillebrandia, and the inferior ovary finds a parallel 
in Loasaceae among the Parietales. Its nearest ally is the small 
family Datiscaceae (a few species in West Asia to India and the 
Malay Archipelago and one in Mexico and California) which agrees 
in having unisexual flowers, an inferior ovary with parietal 
placentation (as in HiUebrandm) and an oil-containing embryo, 
while the very scanty endosperm in the seed forms a transitional 
stage to the t^qDically exendospermic seeds of Loasaceae and the 
Parietales generally. Begoniaceae has, however, much in common 
with Cuciirbitaceae, namely the unisexual flowers, inferior ovary, 
the tendency to union of the stamens, the exendospermic seeds 
with an oily embryo and the palmate nervation of the leaf. 

Order 6. GUTTIFERALES 

Plow^ers regular, more rarely zygoniorphic, generally bi- 
sexual, hypogynous. Calyx and corolla sometimes penta- 
inerous but shewing much variety in number and arrangement 
of parts, wdiich are usually free. Stamens often nnnierous, free 
or sometimes variously united. Pistil of two or more united 
(rarely free) carpels, superior; ovary generally multilociilar 
with numerous ovules in the inner angle or when the ovary 
is unilocular on the ventral suture. Ovules with, two integu- 
ments, generally anatropous. Endosperm when present con- 
taining oil and proteid granules. 

General^ woody plants, often with intercellular secretory 
passages. 

This order is closely related to Parietales, with which it 
is united by Engler, but may be distinguished b,y the generally 
axile placentation. Like the Parietales it may be regarded as 
derived from the Ranales, affinity with wiiich is especially 
suggested by the Dilleniaceae with a frequently spirocy die 
perianth, indefinite hypogynous stamens and sometimes free 
^carpels. 

Family I DILLENIACEAE ' ' 

Trees or shrubs, sometimes lianes, . rarely . lierbaceoiis, with 
: generally alternate 'simple entire evergreen leaves with or without 
stipules. The j^eliow' or w^hite often showy flowors are generally 
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bisexual and regular, or sometimes zygoniorpliic. Tlie arranges- 
meiit of the periaiitli is often- spiroc^^elic. There are usually live 
sej'Kils (more rare^iy ) wliicli . often enlarge after tlow^eriiig: 
generality live petals which fail early. The hypogynous stainerus 
are iiidelinite (rareitV 10 or fewer), free or variously united at tlio 
I'Kise: frequently some are staminodial; the form, position and 
mode of dehiscence of the anthers vary widely. There are one 
to many carpels which are free or more or less co.mpletely united^ 
but the styles are generalh^ free; ovules 1-x. in each ovary, 



Fig. 11.3, A-0. Davilh rugosa. A. Flower-bud, x 2. B. Flower, x 2. C. Floral 
diaujrani, the numbers shew the order of development of tin* s(.*})ais. J)--F, 
'Ti'fracem volubilis. D. Fruit, each separate carpel splits along the ventral 
suture, >; 1|. E. A single fruit cut open shewing the seed i*nve]n]K^d by 
ail aril (a), x 2, F. Floral diagram. (A, B, D, E after A. Ricdiard; C, F after 
Eichler.) (From Fhr. Jam.) 

anatropons, either erect from the base of the ovar\\ oi* ascending or 
horizc).ntai when seated at the inner angle or on the vent ral Huture ; 
the ra]')he is always ventral.. The fruit is dry .and dchisc^eiit 
(capsular), more rarely indehiscent or a h(aT\a IdK** seeds are 
geaierai!}'- few or so-Iitaiw, and 'have a coiis])icuou>s fuiiieular aii! 
close!}’' united with the testa. ' They contain a copious fleshy or 
jiiealy endosperm and a generally .very' s.ma.li embryo. (.Fig. IIB.) 

Man}^ of the lia^nes have anomalous secondary grcnvtii i,ii the 
stems in the foriii of, several concentric rings of secondary woocl. 

Ill species 'of Saumuja the flowers are borne cri the old wood— 
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such plants are termed cauliflorous — a frequent phenomenon in 
woody plants of tropical forests. 

There are about' 310 species in 12 genera; widety distributed in 
the tropics, but especially Australian. The largest genus, 
bertia, with, nearly 100 species, is almost exclusively Australian : 
the plants are small shrubs with generally showy yellow flo’ivers. 

Dillenia indica, a large tree (India and Malaya), has very large 
showy flowers, and large edible fruits surrounded by the sepals 
which have become fleshy. 


Family II. OCHNACEAE 

Generally trees or shrubs, more rarely undershrubs and very 
rareljr herbs ; never climbing. The leaves are alternate, generally 
stifl, leathery, smooth and shining, with a large nnmber of closel}'* 
arranged secondaiy nerves running more or l3ss parallel from 
the midrib to the margin; Avith few exceptions simple, Avith 
a toothed margin; stipulate with membranous subulate stipule>s 
which often fail early. A constant anatomical character is the 
presence of leaf- trace bundles in the cortex. The flowers are 
axillary, or in racemes or panicles ; in Sauvagesia and allied genera 
often in axillary dichasia. They are bisexual, and usuall}’^ regular, 
but ma}?' become more or less zygomorphic by the stamens 
becoming pushed to one side. There are generally flA^e sepals (some- 
times up to iO) which are free (rarely slightly united at the base), 
imbricate in the bud, and generally somew^hat leather}^. The five 
(rarely more, to 10) free petals are twisted in the bud, spreading 
in the open floAver, and fall soon. The stamens are hypog 3 mous, 
sometimes on an elongated floral axis, and vary Avidely in number 
and arrangement. In Ochna and other genera thc};^ are numerous, 
in three to fi ve Avhorls, hut various types of reduction occur, so 
that frequentl}^ there are only one or two Avhorls of fertile stamens, 
or one or tw^o AAdiorls m^iy be represented by staminodes which are 
sometimes petaloid; the stamens often become pushed to onep 
side of the flower; the filaments are generall}?' ver^" short and thc^ 
tAVO- chambered anthers long, opening by pores, or less often l)y 
longitudinal slits. The pistil also sheAA^s great vliflerences. In Oclmu 
and Ouratea (fi.g, 113a) there are 5-15 free carpels uniting above in 
a central, common style and .placed on a more or less elongated 
conical receptacle Avhich becomes enlarged, thick and fleshy in 
the .fruit, .forming a cushion on Avhich the drupes are borne., , In 
the remaining genera .there are only three to five carpels Avhich 
unite ho .form an ovary, . Avhich' is unilocular, or .becomes : more or 
less completely three-,, to ..five-locular by the ingrowth of ..the 
jflacentas; when the placentas meet in the centre' the placentatioii 
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is axile, otiiorwise it is parietal. 'In Ochna djnA Ouraim tliere is 
a single ascending oviiie in each chamber, but generalij the OFiik^s 
an‘ iiiimeroiis; the raphe is alwa^-^s ventral. The fruit coiisists of 
a,- cluster of drupes in Ochna and Ouratea, but is generally a few- 
to ■maiiy-sceded diy fruit, indehisceiit or splitting se])ti€idally. 
In Lophira, a nionotypic genus from tropical Africa, the two outer 
sepals become iniich elongated in the fruit forming a wing which 
ensures distribution, (compare Dipterocarpaeeae). The seeds aixi 
large and without endosperm (as in Ochna. OnralciL Liq^hhn), 
but more o,fte.i:i small and usually -winged, . with a, straight or bcait 
cm:ibr 3 ^o siiriwncled by endosperni. 



Ficu 0'imite,a laurifolia. A. Portion of branch with h'avc*!!, anu 

B. Rlower cut lengthwise, x 5. G. Fruit slightly enlargf'<j. i>. Sc'cd 
ent lengthwise, X 2|. (From Flor. Jemi.) 

Tliere are about 20 genera with 250 species, w'idely distrilnited 
ill the tropics, especially in .Brazil. The largest genera are Ochaa. 
tropical Asia and Africa, - and Oumiea, tropics of both w<irlds, 
Snurapeski and allied genera ware placed by Bentham and Hooker 
in Violaceae, but are regarded b}^ E.ngier as more suitahl^^ placed 
ill. Oeiiiiaceae; they have, the characteristic cortical biiiKlh3s. The 
spirocyclic floral siruoture of Ochna a..nd Otiralea suggests an 
aflinity with the Ranales; but, as in Diileniaceae, reduction lias 
occurred in the androecium andgymoeciiim a.iid most of the genera 
have a reduced type, of flower.' ■ 



236 ' ; , ' .MiOWEEINaPLAKTS 

Family HI. MARCGRAYIACEAE 

A small tropical American and West Indian family coiitaiiiiiig 
about 60 species in five genera, which are mostly climbing or 
epiphytic shrnbs with pendulous terminal inflorescences. The 
leaves are simple, alternate and leathery, and in the largest genus 
Marcgravia are of two forms ; the pendulous shoots which bear 
the terminal inflorescence have large stalked spirally arranged 
leaves, the sterile shoots bear smaller leaves in two row^s which 
are appressed to' the substratum, tree-trunks or rocks, to which 
the shoot clings by means of short adventitious roots. The flowers 
are bisexual. Except in Marcgravia, there are five small free 
persistent imbricate sepals, followed hj five alternating petals 
W'hich are free or more or less united below ; in Souroubea the flower 
is pentanierous throughout, in Norantea there is an increase in the 
number of stamens, while inEuyschia the pentanierous androeciiim 
is followed by a bicarpellary pistil. In Marcgravia the calyx 
consists of four small sepals arranged crosswise in alternating 
pairs ; the four petals are united and fall like a cap wlien the flower 
opens; the numerous stamens are united below. The superior 
ovary is somewhat spherical with a short style or a sessile, more 
or less radiating, stigma; before pollination it is one-chambered 
but later becomes several-celled by the ingrowth of the parietal 
placentas which bear numerous anatropous ovules, each with 
two integuments. The fruit is a more or less spherical leather}^ 
capsule which opens from below in an irregular loculieidal manner, 
or remains closed; it contains numerous seeds; the straight or 
bent embryois enveloped by a starchy endosperm. 

The family is of special interest from the development of an upper 
bract above the two normal small bracteoles to form a coloured 
nectar-secreting generally hood- or pitcher-like structure. This 
reaches its highest development in Marcgravia where the central 
fl owers of the umbellate inflorescence are abortive and the brightiy- 
eoloured bract w^hich has become completety adnate to the flower- 
stalk is converted into a stalked nectar-containing pitcher, at the 
base of wdiich an indication of the small sterile flower is seen. The 
pitchers stand beneath the fertile flowers which open successively 
and are said bj^ Delpino to be strongly proterandroiis, the anthers 
falling before the stigma is fully developed. Thej?- were described 
by, Belt^ as pollinated, by humming birds which come in co.ntact 
with the flowers while drinking the. nectar and convey, the pollen 
from one plant to another. I. W. ..Bailey^, who has. recently studied 
'^Belt,T.TIiej^aturaUstinAHcaragua,lS*74. 

' « Bailey, I. W, “The pollination of Marcgravia.’'^ ArnerM oum. Bok ix, 370 
,(1922). ‘ 
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two previously iiiikiiown species in British Giiianaj throws doiiht 
on this. He points out that the nectaiies are so a-rraiigerl tlnit 
birds tend to approach the iiiQorescences from above and dc» iicd- 
fiecome coated with pollen. ■ Furthermore, in tije Iw'o species 
described and iigured by hinis the stamens dehisce hc^forc^ t!i(‘ 
corolla falls, at w’Mcli time the stigma is coated with pollen; ho 
suggests that the flowers are self “fertile. 



Fig. 114. Maregmvia Brownei. A. Portion of climWng shoot, sliowiii" iindc^r- 
side of leaves next the supporting trunk with rootlets, x |. B. .Portion of 
flowering shoot, x J. C. Flower-bud cut lengthwise, nat. .size: .v, sepal, 
c, corolla. I). Flower after the fall of the corolla, nat. sizt‘; ring of sjireadiii-i 
anthers* E. Ovary cut across,- x 4. ■ F. Fruit cut lengthwise, nat. size*. 
G. Hollow bract containing nectar adher«?nt to pedit*cl, p, v liieh hears at 
its apex an abortive flower, f, x f. (From Flor. Jam.) 

Tlie family was included by Bentham and Hooker a,s a tribe of 
denrstroeiiiiaceae, but its peculiar characters ciiti'tle it) to bo 
regarded as a separate family. 

Family IV. TERNSTROEMIACEAE 

(Theageae) 

A family of 18 genera wdth about 200 species distributed through 
the w^amier parts' of the w^orld. It, comprises trees and shrubs, , with 
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alternate simple exstipiilate, generally leathery, evergreen leaves, 
and generally solitary axillary regular, often showy, bisexual flowers. 
The perianth is often si^iraliy arranged, and consists of five to seven 
sepals w'-hicii are persistent, and generally five petals which are 
free or niiited at the base; both have a marked imbricate aestiva- 
tion. Ill the Camellia {TJiea japonica) a number of accessory 
bracteoles precede and gradually jiass into the sepals, which 
number five to six, and themselves shew a transition to the petals 



Fig. 115. Thea sinensis. A. Portion of plant, slightly reduced. B. Vertical 
section of a flower shewing some of the stamens and the pistil, x’l-L 
C. Single petal with bundle of stamens, x 2-|. I). Ovary cut across, enlarged 
E. Fruit shewing dehiscence, slightly reduced. F. Seed; h, hiluiii; s, scars ot 
three ovules which have not formed seeds; slightly enlarged. (A, C, B, E 
after Bentley and Trimen; B, F after Szyszyiowicz. ) 

(five to seven). The stamens are generally numerous, and are 
free or united into a tube at the base, or in .five bundles which 
are opposite, and often united with, the five petals; they arcg 
sometimes slightly perigynous. The 2“0o carpels unite to form, 
a superior ovary of as many chambers and bearing as many free 
or more or less coherent styles. The ovules are generally numerous, 
borne on axile placentas, and anatropous. The fruit is a capsule, 
generalljr splitting' looulicidally, or is indehiscent. The seeds have 
little or no endosperm. and a large embryo; there is no aril. 


f 
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A eliaraeteristic of the family is the- preseiiee of large tliick- 
walled often iniich branched solitary cells (scleroids) iji the tissue?* 
of stem and leaves. Secretoiy passages are not present. 

1.1ie Tea-plant {T. smensis) is an erect b-iisliy, sometimes arbor- 
escent ])latit witli smooth leathery more or less oval leaves, toothed 
at" the margin and with -weli-marked veins. The 'whiter, scented 
ilowcrs stand singly or two to three together in the leaf -axils. 
It lias been cultivated from very early times in India and Cliliia 
(its use as a beverage is mentioned in the sixtli eentiny A.;r).). It 
is perhaps a cultivated form of Thea assamdea, which is also ciiiti- 
Tilted, blit occurs wild in upper Assam. The various sorts of tea 
are the results of different methods in the process of maiiufactiire. 

The Camellia, T. japonica, a native of China,, aiicl, Japan, Is a 
weli-kiiowii greenhouse shrub. 

’The fa mil V as conceived by Be.ntham and Ib-Hikor -iii tlse 
Flaniai contained a larger number of geni‘ra disi rihule< I 
among \arjous tubes. Several of these gpx)U])s are Jiow gcuieraliy 
regarded as 3 (‘presenting distinct families, such as l\iaregi*a\' iae<‘ae, 
and some ]ia\e ])e.eii referred to other families, Tli<‘ family’ a:> 
4 1« “-cubed above is therefore restricted. 


Family V. GUTTIFERAE ' 

Flowers bisexual or miisexiial, regular, hypogyiioiis, with, 
considerable variet}^ in number and arrangement of tlie^ parts. 
There are generally two to six free sepals and an equal iiimiber 
of free petals. Stamens generally numerous, often more or less 
united. Ovary 2- to many-, genera,lly 3- to 5-celled; ovules 
1 to indefinite in each cell, amphitropous or anatropoiis: 
stigmas as many as the cells, generally sessile and radiating. 
Fruit various, fleshy and iiidehiscent or capsular. Seeds 
generally large, completely filled by the straight eiiihryo. 

Trees or shrubs, rai^ely herbs, containing resin or oil in 
schizogenous spaces or canals. Leaves simple, entire, opposite 
or sometimes whorled, generally exstipii].ate. Flowers in 
cyniose iiifloreseences or solitary; often showy. 

Genera 45; species about 900. . 

' The plants are shrubs, sometimes lianes, or especiaUyrtrees^ 
evergreen, and inhabiting chiefly tropical areas with high 
rainfall. The genus Hyperictim alone is more strongly developed 
outside the tropics and includes, all -stages from peremiial kerbs 
Avitli a persistent . rhizome to iindershrubs and shrubs* ■ In 



240 


ELOWERTKG PLANTS 


the primary forests of tropical America species of Olusia are | 

epiphytic, with the habit of many epiphytic species of Ficus, 
developing numerous adventitious roots which form a close 
network round the supporting stem, which ultimately 
perishes. 

The flower shews a remarkable diversity in the number and 
arrangement of parts. Bracteoles are often developed close 
beneath the calyx so that it- is impossible to determine where 
the calyx begins and in many cases thei’e is no sharp distinc- 



Fici. 116. Mammea amerimna. A. Shoot bearing bisexual flower, nat. size. 
B. Male flower, x 2. C. Pistil cut vertically. D. Drupe cut across shewing 
the two stones, in one of which the endocarp has been cut aw^ay exposing 
the seed with its tW'O large fleshy cotyledons, ^ nat. size. (A, C after Engler; 
3 Flor. Brasil) {From Mor. Jam.) 

■tion between the sepals and petals, A cruciform arrangement 
occurs in Havetiepsis (Amazon -district), where tavo pairs of 
sepals are followed by two pairs of petals and two pairs of 
stamens, the pi-stil forming a w^hoii of four carpels. In other 
genera a dimerous, calyx and corolla are succeeded by two 
or three whorls of stamens - and -a whorl of carpels, or by 
numerous spirally arranged stamens. In other cases (e.g. 
species - of Clmia) the', cruciform ..arrangement characterises 
bracteoles and , calyx, while petals' and stamens are .arranged 
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spira4l3?’, or sepals, petals and stamens are all spirally aiTangecl . in, 
some cases, as in Mamvtma (fig. 116) the flowers a.'repolyga..moiis» 

^ There is also great diversity in the androeciiini ; the stniiieiis 
are free or shew vaiions degrees of union of tlie filaments, 
rarely forniing a cup, more freq'uently a lobed synaiidrhiin, 
or arranged, as in Hyiiericmm, in four or five bnndles; 
staiiiiiiodes also occur variously united or converted into 
secretory organs. The carpels are equal in number with the 
petals, or fewer, or twice or thrice as many; they aav united 
a single wlioii. The styd,es are free or partly iiiiit'ed, some 
times very short ; the stigmas are generally broad. The ovules 
have two th,ick integuments, are either aniphitropoiis or 
aiiatropous, and are attached by a short fuiiicle to the ventral 
'wall of t.he carpel or in multilociilar ovaries to t he iniiej- angle : 
ill CahpIiyUMni, Mammiea (fig. 116) and allies they are basal. 

Entomophily is suggested by the sliowy and. lasiially 
numerous fl.owers, but nectar-secreting organs are geriet*Hll3’ 
absent. 

The fruit is generally a capsule opening septici,d.a.lly or 
septifragally ; after dehiscence the central column persists 
bearing the septa, with the seeds in -the central angles. In 
Garcinia and allied genera it is a fleshy beriy, in CalophyUuni 
and Marmnea a drupe containing one or several seeds. 

' The seed is often more or less enveloped by an aril wbicli 
grows either from the funicle or micropyle. Considerable 
diversity occurs in the development of the embryo. In some 
cases (e.g. Hyjierictmi and allied genera, and. Calophyllimi, 

' 31 ammea and others) the cotyledons are ivell-developed but 
more frequently they are small or scarcely differentiated, 
while th.e h3q30cotyl is thick and la.rge, as in (Jhisia, Gmcmia 
and many ot.hers. 

The family is represented in Britain by the genus liyprricirNf 
(8t John’s Wo.rt) (fig. 117), pere.ii.mal herbaceous fmshrubi>3' jlauts, 
the Jtnives of wliich are often dotted w.ith tranBluc<mt oil-glayds. 
Tlieyello'vvregn.larlypogjnoiisflo'vvers are bisexual and arraiiged in 
cymose, often dichasial, inflorescences. The five sepals are follow'CM I 
by five petals. The numerous stamens are arranged in three (as 
ill JJ. JwJmsacmw-m, ' Tutsan) or five (as in most Brhish specic-s^) 
bundles, in the latter ease opposite the petals; a whorl of stamens 
is sometimes present opposite the' sepals or its place is taken l>y 
five hjqiog^moiis glands, thus restoring the,i*egu],ar syiniiietry of 
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the flower. There are three or five carpels, in the latter case 
alternating with the staminal bundles. The ovary is one>ceIied 
with three or five projecting parietal placentas, becoming three- 
or five-celled with axiie placentas when the septa are completely 
united in the centre. The ovules are numerous. The fruit is a 
septicidal capsule or sometimes a berry as in Tutsan, 

The widel}^ open bright yellow flowers contain no nectar and 
are honiogamous. They are visited by nectar-seeking insects for 
the sake of their pollen. The long styles radiate outwards between 
the staminal bundles, and if an insect bearing pollen from another 



Fig. 117. Hyperkmn. A. Flower of H, calycimim, cut lengthwise. B. Fruit of 
H. trifionm, shewing the three placentas with a few^ seeds still attached to 
the revolute edges. 0. Transverse sectional plan of same indicating method 
of dehiscence. B. Seed of B. Androsmmum. E, F. Floral diagrams of 
E. quadrcmgulum and E. Androsaemum. B, C, B enlarged. (A after 
Baillon ; rest after Keller. ) 

flow’'er comes first in contact with the stigmas cross-pollination is 
favoured; if, on the other hand, with the dehiscing anthers, pollen 
will be rubbed on to the stigma of the same flower. As the flower 
fades petals and stamens close up tow^ards the centre eand anthers 
and stigmas become closely interlocked so that, cross-pollination 
failing, self-pollination is ensured. 

, Hypericum GontmiB about 200^ species,; distributed through 
temperate regions and on the mountains in the warmer parts of 
the earth. Some of the species have a wide range, such for instance 
as H, Mmifusum from Europe to further India and South Africa, 
H, hirsutum, from Europe to Siberia and H, japomcum. from Japan 
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to New Zealand and Australia. Other species liaye a.w'ide cUstrilai" 
tioii ill North or South America.. It is' suggested, that a factor 
ill this wide distribution may be the carriage of the small seeds, 
which, are produced in large nuoibers, on the feet of birds. 

l.lie other ge,iiera are mainly tropical and resi-ricted eitlier to 
the Old or New World, though a few occur in both hemispheres. 
Such are Vismia^ with a few species i,ii w'est tro'picai .Africa and 
a larger iiiiniber in tropical America.', a...iid Calophijlhun, with, 
numerous species in tropical Asia and xiustralla, and fewer in 
trojiical America. 0. Incyphyllmn is a "wk]e,!y distribiifcal coa.st 
{■ree^ from Africa through the East Indies to Polyiiesici. Of the 
t. Topics Africa is the poorest in .representativt^ of the fajirily. Tlie 
largo genus Garcinia has 180 species in the tropics of the 01 cl 
World, chie.tly in tropical Asia and Poi^U-iesia; G, A! angch^laim is 
t...h.e .M'angosteeii, a wideljr cultivated fruit i.ii the tro|)ies : tlie erhlile 
portion is the .tiesliy aril enveloping the seeds. Clmia^ wltli 100 
species, is tropical A..merican. 

Tlie famO^y is of considerable economic nn]>orla!n‘t‘ The wood 
ui many spjecies is hard and durable aiul man\ \ aid valuable 
resms or gunin'esins, especiaity in th(‘ getiera GuJaphiflbuti, 
and OVoYjmfa; e.g. gamboge from (^airnua AhnGla t>t}ieis ^icdd 
edible fruits such as the Mangosteeii, a.ud the West lnd]<i.nMan.unec> 
Appie {Alwmmea amenca/ria), A fatty oil is obtained froni tlie 
seeds of CaloiiJiyllmn Iiiophyllimi, Gajrcinia indica and others ; t-lie 
thick sap of Pentadesma biilip'aceiirn^^ the West African ‘"Tallow- 
tree/’ is used as butter. 



Fig. 1X8, Flora! diagram of Hopea PierreJ, B. Fruit of Shor&t rohn.sUi {‘in’f'foped 
ill the pers,istent calyx, about .I nat. size.’ C. Lougitiidmal seel ion of tiower, 

. the .petals cut off above, x 6, (A after Pierre; C a,lter Brandis.) 

; Family VI. DIPTEROCARPACEAl 

Contaiiiing 16 genera with over 300 .species of trees, rarely 
shrubs,: .inhabiting, the hot damp, forests of India a.iid, Malaya* 

16-2 
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Tliey have alternate entire leathery stipulate leaves and axillary 
panicles of regular bisexual pentainerous flowers, with often an 
increase (5, 10, 15 or go) in the number of. the generally free 
stamens ; the three carpels form a trilocular ovary with a pair of 
pendulous anatropous ovules in the central angle in each chamber. 
The fruit is a one-seeded nut enclosed in the persistent calyx, 
two or more of the segments of which may grow out to form wings 
which aid in distribution. The embryo fills the seed. (.Fig, 118.) 

They resemble Guttif erae in containing resin ; species of Shorea 
yield Dammar-resin; Dryobalanops aromatica is the source of 
Borneo Camphor wliich forms yellow prisms between the elements 
of the wood. Many species are valuable timber-trees, such as 
Shorea rohusta, the Sal tree of India. 

Order?. MALVALES 
(CoLTJMNiFEBAE of Eichler) 

Flowers bisexual, regular, hypogynous, cyclic, pentamerous 
with a frequent increase in the number of members of the 
androecium and gynoecium. Sepals valvate in the bud; free 
or united. Petals free, aestivation various, often twisted. 
Stamens in two whorls, the members of the outer aiite- 
sepalous whorl often absent or reduced to staminodes, of 
the inner generally midtiplied and monadelphous, the united 
filaments forming a long column (hence Coliimniferae) round 
the pistil; or polyadelphous. Number of carpels very various, 
uniting to form a multilociilar ovary, each with l-oo anatro- 
pons ovules with two integuments. Brunnthaler has demon- 
strated an endotropic course of the pollen-tube in a number 
of genera. 

Herbs, shrubs or trees, with alternate simple stipulate 
leaves. Stellate hairs are very frequent on young parts and 
mucilage-sacs or -canals in the tissue of the cortex and pith. 

The several families are closely allied, and it is very 
diffieult. or, impossible to separate them by any .single 
character. Different authors take different view^s as to their 
number. Thus Schumann in the PflanzenfmnUim recognised 
five, as also, does Wettstein,’. and more recently Warming, 
Bentliam and Hooker in. Genera Plantarnm, three, and 
Bailloii ' only two. ■ . ^ / 
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Tlie Malvales are allied to the Gnttiferales by tlieir .regiilaj 
Iiypogynoiis fl,owers with pentameroiis calyx and corolla., and 
especialty the a.iidroeciiim, which in both, orders shews a, 
marked ten,deii,cy to nnion of parts. On the other liaiid, a 
marked afiiiiity with, Eupliorbiaceae is suggested .by the 
frequent occurrence of branched multicellular hirirs, and 
especially by the structure of the ovary whic,h often separates 
ill the fruit into ©.Ee-seeded parts ; an endotropie coi.irse of 
the pollen-tube has also been demonstrated in both groups. 

Family I. TILIACEAE 

Tiliaceae contains about 350 species in 41 gc^nera, ilie 
greater n, umber of which are confined to the t}X)|:)ics. T'he most 
iiiiportant e,xtratropical genus is TUia (Lime-tree or Linden) 
witli about ten species in the nortliern portions of both hemi- 
spheres. It is represented in our own flora by two species, 
T. cordata (pannfolia) and T, platypJiyllos. The plants are 
genera.lly trees or shrubs with alternate, entire, den.ta.te 
or lobed leaves and stipules, which often, as .in Tilia, serve 
iTierely to protect the leaves in the bud and .fall as the latter 
iiiifoMs. Mucilage- cells occur in the pith and cortex. The 
regular bisexual flowers have a pentame.rous, sonietiines 
gamosepalous, calyx with valvate aestivation, followed by 
five free petals which are imbricate in the bud. The family 
is very closel}^ allied to Malvaceae. The best distinction is 
found in the anthers which are two-celled in Tiliaceae, oiie- 
celled i,n Malvaceae. Moreover in. Tiliaceae the staniens are, ' 
as a rule, connate at the base only or quite free. They are 
generally numerous and inserted at the base of the ped'als, 
or, as in Grewia (a large genus with 120 speci.es wi,d,ely distri- 
buted in the warmer parts of the Old World) a.nd its allies, 
raised above the corolla by the development of an. interiiode 
(aiidrogyiiopliore). The' n.umber of carpels shews considerable 
\'ariatioii, the ovary bei.n.g from two- to ten- or raany-c.erk:M.i 
one or more ovules in the inner angle. The positi.oii of 
the ovules is also varied, and m.ay be l3oth ascending and 
pend'iilous in tl,ie same chamber. The fruit is to iiiaiiy- 
celled and deliisceiit or indehiscent. Tilia has a five-celled 
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They have alternate entire leathery stipulate leaves and axillary 
panicles of regular bisexual jDentanierous flowers, with often an 
increase (5, 10, 15 or qo ) in the number ol the generally free 
stamens; the three carpels form a trilocular ovary with a pair of 
pendulous anatropous ovules in the central angle in each chamber. 
The fruit is a one-seeded nut enclosed in the persistent calyx, 
two or more of the segments of which ma}^ grow^ out to form wings 
which aid in distribution. The embryo fills the seed. (Fig. 118.) 

They resemble Guttiferae in containing resin ; species of Shorea 
yield Bammar-resin ; Dryobalanops aromatica is the source of 
Borneo Camphor which forms yellow prisms between the elements 
of the wood. Many species are valuable timber-trees, such as 
Shorea robusta, the Sal tree of India. 


Order?. MALVALES 
(CoLiJMNiPERAE of Eichler) 

Flowers bisexual, regular, hypogynous, cyclic, pentamerous 
with a frequent increase in the number of members of the 
androecium and gynoecium. Sepals valvate in the bud; free 
or united. Petals free, aestivation various, often tvdsted. 
Stamens in two whorls, the members of the outer ante- 
sepalous whorl often absent or reduced to staminodes, of 
the inner generally multiplied and monadelplious, the united 
filaments forming a long column (hence Columniferae) round 
the pistil ; or polyadelphous. Number of carpels very various, 
uniting to form a multilocular ovary, each with l-^^ anatro- 
pous ovules with two integuments. Brunnt haler has demon- 
strated an endotropic course of the poUen-tube in a number 
of genera. 

Herbs, shrubs or trees, with alternate simple stipulate 
leaves. Stellate hairs are very frequent on young parts and 
mucilage-sacs or -canals in the tissue of the cortex and pith. 

The several families are closely allied, and it is very 
difficult or impossible to separate them by any single 
character. Different authors take different view^s as to their 
number. Thus Schumann in the Pflanzenfamilien recognised 
five, as also does Wettstein,' and more ' recently Warming, 
Bentham and Hooker' in the Genera Plantarmi, three, and 
Baillon only 'two. ■ , . 
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, The MalTales are allied to the Guttiferales by tlw^ir regular 
li-ypogyiioiis flowers with- penta-meroiis calyx and corolla, aiici 
especially hj the androecium, which in both orders sliews a 
marked tcuideiicy to union of parts. On tlie^ other hand, a.- 
marked witli Euphorbiaceae is suggested by the 

frequent occurrence of branched multicellular hairs, and 
especially the structure of the ovary which often separates 
ill tlie fruit into one-seeded parts;, an endo tropic course c:if 
the pollen-tube has also been demonstrated in both groups » 

Family I. TILIACEAE 

Tiliaceae contains about 350 species in 4,1 g€^.nera,, tlie 
greater nuiiiber of which, are confined to the tropics. The in.o>st 
important extiatropical genus is Tilia (Lime-t'Tee or Linden) 
with about ten species in the northern portions of botli heiiii- 
spheres. It is represented in our own flora liy two species, 
T. cordata (pmmfolia) and T, platyphyllos. The pla.i,its are 
generally trees or shrubs with alternate, entire, dentate 
or lobed leaves and stipules, which often, as ...in Tilia^ serve 
merely to protect the leaves i.n the bud and fall as tlie latter 
unfolds. Mucilage-cells occur in. the pith and cortex. The 
regular bisexual flowers have a pentanieroiis, sonietimes 
gamosepalous, calyx with valvate aestivation, followed by 
fi.ve free petals which are imbricate in the bud. Tlie family 
is very closely allied to Malvaceae. The best distinction is 
found in the anthers vdiich are two-celled in Ti.Iiaceae, one-" 
celled in Malvaceae. Moreover in Tiliaceae the stanie.ns are, ' 
as a rule, connate at the base only or quite free. They are, 
generally numerous and inserted at the base of the petals, 
or, as ill Grewia^ (a large genus with 120 species -widely distri- 
buted ill the warmer parts of the (31d AVo.rld) and its allies, 
raiscMl above the corolla by the development of an. iiiternode 
(androg 3 mophore). The number of carpels shews eonsi(leral.>lc 
'\mriatioii, the ovary being from two- to ten- or niany-c^clk^il, 
with one or mo.re ovules in the inner angle. The positiuii. of 
the ovules is also varied, and may be both ascending and 
peiiduloiis ill the same chamber. The fruit is two- to many- 
celled and, dehiscent or indehiscent. Tilia has a five-celled 
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ovary with two ovules in each cell.' As it ripens to fruit one 
seed only develops, and four cells remain small and are 
crushed to one side; the ripe fruit is a globose indeliiscent 
nutlet with one, rarely two^ seeds. The embryo is surrounded 
by' a fleshy endosperm, and has generally large leaf -like 
cotyledons, often, as in Tilia, more or less deeply lobed. 

; The flowers of Tilia are proterandrous, and poMiiation is 
effected by the visits of insects, especially bees and flies, 



Fig. 119. A-E. Tilia. A. Scheme of flower-bearing shoot. B, Diagram of same, 
with subtending leaf, 1; st, position of fallen stipules,- a, 6, first and second 
leaves of axillary shoot, subtending respectively inflorescence and leaf -bud; 

terminal flower; c, d, c, bracteoles, d and e each subtending .a branch 
to the lower part of wliich they adhere. C. Flower in vertical section, x 3. 
D. Fruit cut across shewing the four suppressed carpels and the seed 
containing the embryo embedded in endosperm, enlarged. E. Embryo 
flattened out, enlarged. F. Fruit of Gm'chonis ca])sularis, nat. size. (A, B 
after Eichler; C after Warming; D after Wettstein; F after K. Schumann.) 

which are attracted by the strong scent. Nectar is secreted^ 
in spoon-like glands at the base of the sepals. Distribution of 
the: seed in this genus is facilitated by the membranous wing- 
dike bract, which, when the fruit is ripe, becomes detached, 
bearing ' with it the inflorescence. It will be noticed that 
' between the latter and the main stem is a leaf -bud (fig. 119, A). 
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Tlie foliagoleaf appa-rently subtends both a flowering shoot 
ajid a ve\geta,t:ive bud. The explanation is as follows (see 
lig. 119, A, B). The inflorescence is a shoot borne in the axil 
of the subtending foliage-leaf (1). Its first leaf {(i) is the ineni- 
braiioiis bract, to the midrib of which its axis adheres for 
some distance. Its second leaf {h) subtends a leaf-biid, is 
scale-like, and remains situated with its bud at the I:)ase of 
I'he inflorescence. The latter is dichasial, i-ermiuatiiig in a 
flower if) and bearing a younger lateral flower on each side; 
these secondai^r a-xes may again, branch, so tliat l.'}ie slioot 
becomes tliree- to seven-flowei’ed. 

Ill tlie otlier genera the fruit is generally dry, forming a 
lociilicidal capsule (as in CorcJwrus (fig. 110, 1^^) and. in 
Spamiannia^ familiar in the South. African species S. africcmUy 
favourite greenhouse plant), or soiiietiines se|)aratiiig into 
W'iiiged cocci. In Grewia it is indeliiscent and drupaceous. 
Development of spines on the capsule or cocci, as in 
Trimnfetta, Sparmminia and others, favours distri„huti,oii by' 
animals. In Apeiba (tropical America) the septa of the iiiany- 
cai'pelled fruit form a pulp in which the. seeds are eiiibedded ; 
the fruit opens above by teeth or by a pore. * 

Corclwnis ccipsularis and C. olitorms, natives of India, are 
widely cultivated in, the tropics for their tenacious bast- 
fl,bres which yield jute. The bast of the Lime is the popular 
‘'bast'’ of the ga.rdener. 


Family II. MALVACEAE 

. Stamens generally indefi.nite and raonadelplioiis; anthers 
mie-celled; pollen-grains large and spiny {echin/uMe). .Leaves 
si tuple, palminerved. 

Genera about 50; species , about 1000.. 

The cotyle.doiis are epigeal, spreading to tlie, and 

,for.iiiing the fi,rst pair of green leaves. They are often cordate 
or reniform with an entire margin .and when, as often h,appeii,s, 
the leavesmf the . adult plant are palmately divided, those 
succeeding the cotyledons shew a gradual passage from the 
simple to the. lobed, form;- .Our .native species are aiiiiiial, 
biennial or perennial herbsoiten, as inTree-iii,all.ow {Lamtera)^ 
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growing very tall. In the warmer parts of the earth they are 
often shrubby or form large trees. The leaves are alternate, and 
often more or less palmately divided; it frequently happens 
that the lower leaves of a shoot are more or less rounded and 
entire, while the upper are palmately divided. Stipules are 
present but as a rule fall early. 

The leaves and yoraig shoots often bear stellate hairs; 
mueilage-sacs occur in the tissues, either singly or in rows. 


The form of the inflorescence varies. The generally showy 
flowers are often solitary in the leaf-axils, the leaves being 



Fig. 120. A-D. Malva sylvestris. A. Flower iii vertical section, slightly reduced. 
B. Flower after removal of calyx and corolla, x 2|. 0, Fruit, x k I). A scliizo- 
carp with seed in vertical section, x 4; note the folded cotyledons. E. Fruit 
of Malope mahcoides surrounded by persistent calyx and epiealyx (e). 
F. Single schizocarp of same, x 3. (A-B after Baillon; E, F after Ghrke.) 

form, and the inflorescence a raceme; or more complicated 
arrangements- occur. In most of the genera an epiealyx . is 
present, formed by a whorl of braeteoles just beheath the 
calyx and serving, like the latter, which it resembles in colour 
and texture, to protect the more deKcate floral organs in the 
bud. The character of the epiealyx is useful in distinguishing 
genera. Occasionally, as in (fig. 121), it is absent; when 

present the number, cohesion and position of the individual 
braeteoles afford distinctive characters, as in the case of 
the three British genera, Althaea, Malva, and Lavatera. The 
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position of the median sepal varies according to the ninnber 
of bracteoles. Its usual place in pentamerous dicotyledons is 
posterior; this holds good in those Malvaceae which have no 
epicalyx, and where, as in Hibiscns, the epicalyx consists of 
miinerons bracteoles. Where, however, the latter are few, 
the odd sepal is anterior. 

The petals, which are often large, forming a showy corolla, 
are twisted in the bud, and are more or less asymmetrical, a 
character which is generally correlated with twisted aestiva- 
tion. They are free to the base, where they are attached to 
the staminal tube, and fall with the tube hue xflower 

withers. The fertile stamens are generally very nm^Aerous 
and are considered to have arisen by the multiplication of 
five epipetalous members. This view is supported by the 
study of the development of the floi/er and also by the fact 
that in the two species in which only five stamens have been 
observed these are opposite the petals. The staminodes, 
which are represented by teeth on the summit of the staminal 
tube, represent an episepalous whorl. The reniform, one- 
celled anthers open by a slit which runs across the top and 
divides the anther into two valves ; they are turned outw^ards 
at the time of dehiscence. The pollen-grains are large, 
spherical and covered with spines, and. together with the 
method of dehiscence of the anthers, afford the best diagnostic 
character of the family. 

The number of the carpels varies from one to many. When 
there are five they are epipetalous as in Abutilon or epi- 
sepalous as ill Hibiscus and Sida. In Pavonia both arrange- 
ments occur in different species. In the three British genera, 
and in many others, the carpels are numerous and form a 
whorl round the summit of the axis in the centre of the flower, 
the styles rising from the centre as a single united axis 
branching above into a corresponding number of stigma- 
bearing branches. In the small tribe Malopeae (fig. 120, E) 
(Malope trifida, a Mediterranean species, is a well-kiiowm 
garden plant) the numerous carpels are arranged one above 
aiiotlier in more or less vertical rows. 

One or more anatropous ovules are attached to the inner 
angle of the carpel. Their position varies ; they are generally 
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ascending, but may be pendulous or horizontal. In Abutilon 
and other genera the position varies in one and the same cell. 

The flowers are proteraiidroiis. When the flower opens 
the anthers' occupy the centre and the unripe stigmas are 
hidden inside the'staniinal tube. After dehiscence of the 
anthers the filaments bend backwards and finally the 
matured stigmas spread out and ‘occupy the same position 
in the centre of the flower. 



^Pollination is effected by insects which come for nectar secreted 
infive pits, one of which occurs by the side of the base of each petal. 

' ' The nectar is : protected from rain by. hairs on the lower margins , of 
the petals. Self-ppliination has been observed in small-flowered 
forms, such as Malva rotundifolm, the style-arms twisting ,so as 
to bring the stigmatic surfaces into contact with the anthers. 
Writing of Jfalra and M. rotmidifoUa (both British 
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species), H. Mtilier says : ‘‘'These species .often occur together and 
flower side by side for months at a time. In the struggle for exist- 
ence J#. rotundifolia has the advantage in being content with 
poorer soil, in the appearance of its flowers from one to several 
weeks earlier, and in the possibility of regular self-fertilisation; 

. if . sylvestfis, on the other hand, in its more vigorous growth, and 
much greater attractions for insects. These advantages seem to 
balance one another, for, about Lippstadt at least, both species 
grow together in equal abundance.” In the larger brighter- 
flowered plant, which receives very numerous visits, the ends of 
the filaments curl outwards before the stigmas are mature so that 
self-pollination is impossible (fig, 1 20, A) . M. rotundifolia, the smaller 
paler flow^ers of which attract few insects, regularly pollinates itself, 
its anthers remaining extended in such a position as to be touched 
the papillate sides of the curling stigmas. Species of AbuUlon 
and Hibiscus are visited by humming birds. Cleistogamic flowers 
occur in Pavonia and Malvastrum, 

The fruits are mostly dry {Malvaviscus has berries), and 
their method of dehiscence also affords good diagnostic 
characters. In the Mallow^ tribe — Malveae (including Maha, 
Althaea, Abutilon and 8ida ) — they are generally one-seeded 
iiidehiscent schizocarps (fig. 120, C, D) separating from the 
persistent central column and from one another; in some 
genera the carpel and fruit are tw^o- to many-seeded, as in 
Abutilon (fig. 121, C), and in some cases two-celled by the 
formation of a horizontal septum ; the schizocarp then splits 
lengthwise into a pair of valves. In the Hibisceae, which 
includes Hibiscus (fig. 123, B) and Oossypium (Cotton-plant) 
(fig. 122, D), the fruit is a capsule dehiscing loculicidally. 

The schizocarps sometimes bear barbed hook-like processes 
on their outer wall as in Pavonia (fig. 121, D); in other cases 
'distribution is favoured by a hairy covering to the seed, an 
extreme case of w^hich is seen in the Cotton-plant, the seeds 
of which are buried in a mass of long tangled hairs. The seed 
generally contains an embryo with large much folded coty- 
ledons and a scanty supply of endosperm. 

The species, which are very unequally distributed among the 
genera, occur in all regions except very cold ones ; the number 
of species increases as we approach the tropics. Malva 
' rotundifolia is the most northern, occurring at a latitude of 
65° in Russia and Sweden, while species of HoJieria and 





iJliUWJiJiiiJNU riiAJNTCi 



Fia. 122, Gossypiimi barbadense. A. Flower about to open, x |; i, mvoliicre of 
bracts. B. Flower with calyx and corolla cut away, shewing staniinal tube 
enclosing pistil, x |. 0. Pistil with ovarj^ cut lengthwise, nat. size. D. Cap- 
sule open, shewing mass of cotton, x f. E. Seed with cotton attached, x f . 
F. Seed cut lengthwise, shewing twisted embryo, x 1|'. 
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PlagiantJms reach as far as 45° south' latitude in New Zealand, 
On the South American Andes, Malvaceae reach a consider- 
able altitude, with a dwarf alpine habit — a thick root, and 
a crowded tuft of radical leaves from amongst which spring 
large showy short-stalked flowers^. 

Hibiscus, the largest genus, with 150 species, is widely distri- 
buted, chiefly in the tropics ; two species, H, Trionum and H. rosetis, 
occur in Europe, ff . Eosa-sinensis is the scarlet Hibiscus generally 
cultivated as a garden flower throughout the tropics and often 



Fig. 123. Hibiscus pilosiis. A. Flower in leaf -axil, B. Betiscing capsule. 

C. Seed, x 2|-. A and B slightly enlarged. (From Flor. Jam,) 

found in greenhouses in temperate regions. Ahutilon has about 
100 species chiefly in the tropics of both hemispheres. Lavatera 
(20 species) is principally Mediterranean; L. arborea (Tree-mallow), 
a maritime plant, occurs on the coasts of Europe including Grreat 
Britain south of the Clyde ; two species are found in the Canaries 
and one in Australia. Althaea has about 15 species in the temperate 
and warm regions of the whole world (two are British) ; A, rosea, the 
Hollyhock, is an eastern Mediterranean species. Malva has about 
30 species in temperate Europe (three in Britain), Asia, North 
Africa and North America. 

^ See Hill, A. W. “The Acaiilescent Species of MalvastrumJ^ Joiirn. Linn.. 

XXXIX, 216 (1909). 
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Many genera are largely or exclusively American, Howittia (one 
species) and PlagimitJius (10 species) are confined to Australasia, 
Hoheria (three. species), is endemic in New Zealand, Lagmmria 
(one species) in Norfolk and Howe Islands and East Australia, 
while Jnlostyles is a monotypic genus in Cejdoii. Many forms of 
Gossgpinm. kie cultivated as sources of cotton throiigiiout the 
tropics; G. barbadense (Sea-island Cotton), G. pemvimiuni (South 
American Cotton), and G, Mrstihim (Short Staple Cotton) are 
natives of tropical x4merica; G. lierbaceum is a native of the East 
Indies and G. arhorettm (Tree Cotton) of tropical Africa. 

Family III BOMBxAOACEAE 

An exclusively tropical family, especially American, containing 
140 species in 22 genera, closely allied to Malvaceae but differing 
in the following points. The anthers contain one, two or some- 
times more cells, and the poilen-grains are generally smooth, never 
spiny; staniinocles are often present. The ovaiy is formed from 
two to five carpels (when five are present they stand opposite the 
petals), with two to numerous erect, anatropous ovules. The 
smooth seeds are sometimes embedded in a pitli-like tissue or in 
“wool’’ which is formed by an outgrowth from the pericarp-wall, 
sometimes they have an aril ; endosperm is absent or forms a very 
thin layer. 

The plants are trees, generally tall and with often very thick 
trunks as in the Cotton-tree, Geiba {Eriodendron) p)e;ntandra 
(tropics of Old and New Worlds), or the Baobab, Adcmso?iia digitata, 
of tropical Africa, the stem of which reaches an enormous thick- 
ness, but the wood is very light and soft. The leaves are entire 
or digitate (Baobab), with stipules which soon fall; hairs wdieti 
present are stellate or form stalked scales. 

The principal genera are Admisonia (10 species, tropical Africa, 
Australia), (50 species, mainly American), Ceiha [Erio- 
dmdron) (nine species mainly American) and Durio (15 species in 
the Indo-Malayan region); D, zibetJiinus is the Durian, the fruit 
of which has a delicate flavour associated with an unpleasant 
smeU.,': 

, :V" ^ STERCULIACEAE , 

An almost exclusively tropical family in both hemispheres con- 
taining about 700 species in 58 genera. The plants are trees 
(sometimes cauliflorous, fig, 124 A), shrubs or herbs, sometimes 
lianes, with simple, entire, more rarely iobed or digitate, alternate 
leaves with generally shorWived stipules. The flowers, which 



STEROTJLIACEAE 


255 


are borne in complicated inflorescences, are generally bisexual 
but sometimes unisexual by abortion, as in Sterculia and Cola. 
They are regular or sometimes zygomorphio, and pentamerous. 
The petals are often reduced in size and sometimes wanting as 



Fig, \'2,4:, Theobroma Cacao. A. Portion of a branch with flowers, x f. B. Fiower, 
xi. C. Petal, X 8. D. Staininal column partly cut to shew pistil, x 5. 
E, Pod cut open, x|, F. Seed, x |. G. Seed with testa removed, xf. 
(C-G after Bentley and Trimen.) 

ill Sterculia and Cola. The stamens are typically in two 
whorls; those of the outer whorl (antesepaious) are stamiiiodial 
or w^anting, those of the inner (antepetalous) are fertile ; the 
filaments are more or less united to form a tube; the anthers are 
two-celied. The generally five-chambered ovary is sometimes 
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carried' up" along with the stamens above the petals by develop- 
ment of an internode (androgynophore) ; the carpels are generally 
antepetalons and contain two to numerous aiiatropoiis ovules 
with an outwardly directed micropyle in each chamber. The fruit 
is generally dry, often separating into cocci. The seed contains a 
fl,eshy endosperm and an embryo with flat, folded or rolled leaf -like 
cotyledons. 

Tlieobroma Cacao, the Cocoa tree, a native of tropical America^ 
is now widely cultivated in the tropics. It bears large reddish- 
yellow fleshy fruits; in each of the five chambers is a double row 
of almond-like seeds containing an embryo with a pair of very 
large folded oily cotyledons. The last are the source of chocolate 
and cocoa. Another useful plant is Cola acuminata (Cola-nut), a 
native of western tropical Africa, the seeds of which }deld the 
alkaloids Thein and Theobromin. 

TRICOCGAE 

This order comprises families with unisexual, rarely bi- 
sexual, hypogynous flowers, which are generally regular with 
a single whorl of free perianth-leaves, sometimes naked. The 
stamens are generally equal in number to and opposite the 
perianth-leaves, and pollination is generally anemophilous. 
Growth of the pollen-tube is often endotropic. The most 
constant floral character is the pistil of three carpels forming 
a trilocular ovary, each chamber containing in the inner angle 
one or two pendulous anatropous ovules with a ventral (rarely 
dorsal) raphe. The great majority of plants belonging to this 
order are included in the large family Eiiphorbiaceae. 

Family I. EUPHORBIACEAE 

Flowers monoecious or dioecious, sometimes much reduced 
by abortion, regular or slightly irregular. Calyx and corolla 
both present, or the latter or both absent. Male flower: 
stamens as many as the perianth-leaves, or double as many, 
or very numerous or few or one (in Euphorbia the whole 
flower consists of a single naked stamen) ; *EIaments free or 
united, anthers two-celled; rudiment of ovary present or 
absent. Female flower : ' staminodes present or absent; 
ovary generally three-celled, sometimes two- or four-eelled : 




ovules 

matro' 
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sepamoT two in each chamber, collateral, penclnloiis, 
abiiiid with a ventral raphe; the micropyle caruncnlate. 
embiierally a capsule spHtting into three cocci which 
fi^'froiii a persistent central column. Seeds with 
berh, endosperm and a large central straight or bent 
ill iU 

^t*abit shews great variety including small annual 
iWf.d trees. The inflorescence is usually compound, and 
Itimate ramifications cymose. 

Oiige family, containing more than 220 genera with about 
and lecies, chiefly tropical. 
plants 


j wffflo British representatives, species of (Spurge) 

I Spun ercurialiSj are herbs, but the greater number are woody 

I 5 and often trees. Even in the same genus, however, the 

I regir^t diversity occurs. For example, several of our native 
CHcnies aresmall annualherbs, other species of 6 ia form 

miiicfeturdy bushy plants several yards high, wdiile in the desert 
' iieiitlAg of tropical Africa and elsewhere species occur with a 
fritiws-like habit, the stem thick and fleshy and the leaves 
' to spines. In Australia and at the Cape a suflruticose 

foii!«dike habit is common. Many species of the widely dis~ 
leatMed tropical genus Tmgia are climbers. Phyllanthus con- 
besides annual herbs, also trees, while many members 
!ea?fling the section Xyhphylla have their ultimate branches 
in iMike (phylloclades), the leaves being reduced to scales, 
the |■e form and position of the leaves are equally varied. The 
are are generally alternate but may be opposite or wliorled ; 

planA^y cases upper branches bear opposite leaves, while in 
. or pa Jest of the plant a scattered arrangement occurs. They 

Xljimple and entire or deeply cut (as in Ricimis, Castor-oil 
tB^ |M) or even palmately-compound. The venation is pinnate 
partpftniate. ,, 

I spiBefe^^nflorescence, shews considerable variation. Generally 
I branchings, are racemose, 'the. later cymose.: The 

flowf^c ruenflorescences are closely crowded cymes arranged in 
, ; )T staiiding in the axils of the upper leaves. They are 
TO ale frequently containing numerous 
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inflorescence or cyathiiim of the E^l,plm■bieae h^s, a sup 
resemblance to a bisexual flower (fig. 125). It is a cy 
terminal flower of which is female and naked ; below th< 
are four or five bracts which are connate and form a 
like involucre. In the axil of each bract is a seorpioir 



of male flowers each consisting o& a single stamen. I'nt or 
the segments of the involucre are large, frequentlybsent ; 
crescent-shaped, glands. I n. Euphorbia the glands aneelled; 
free, in the African genus Synadeniwn they are uiii 
a ring. The glands are often brightly coloured, ai 


I 
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'T If*' ^"SW-coIoured peteloid appeiidMes. 

A nf‘ “a “ ‘"“ar 

jnanth (h^. l^e. A, B) ; m the remaining genera of this tribe 

ie male are completely naked and the "female have 

ccasionally a rudimentary perianth. There is, however a 

joint in the axis v^hich bears the anther, indicating a distino- 

^ i th portion, the stamen, from a lower the 

' frfoSitlv dS appearance of the two portions is also 




Votl otAnt/iostema. B. Female flower of same - « oerianth 


■I 


The flowers in the family generally are regular and hypo- 
pmous ; perigyny is rare (e.g. in Brulelia, a wide-spread 
I tropical Old World genus). 

The form of the flower varies widely. Thus TVielandia a 
monotypic genus from the Seychelle Islands, has pentamerous 
flowers; the two outer whorls, forming calyx and corolla re- 
spectpely, are followed in the male by a regularly alternating 
, whorl of hve stamens, and in the female by live epipetalous 
p ^e ' carpels In the male flower the carpels are represented by 
! fesiive riidiineiitary structures. : " 
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In the large tropical genus Croton (nearly 700 species) a 
pentamerous calyx and corolla are generally present, but the 



Eig. 127. Mmiihot utdlissinm. A. Lower part of stem shewing young shoot and 
tuhers, much reduced. B. Leaf, nat. size. C. Portion of inflorescence, x 
B. Male flower cut lengthwise, x5. E. Female flower cut lengthwise, x 2. 
F. One carpel of the ripe fruit shewing the seed, nat. size. G . Seed, nat. 
size. (C—G after Tussac.) (From Flor, Jam.) 

latter may be inconspicuous or absent in the female fl.ower. 
The stamens are often very numerous, some , species having 
80-100., , With very Jew exceptions there are three, carpels.. 
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The two perianth-whorls are isomerous, and though they are 
very frequently pentamerous, other numbers, such as three, or 
more rarely four, occur. 



Fig, 128. Ricimis commimis. A. Upper part of flowering branch, x |. B. Un- 
opened male flower, x 2. C. Ditto open, x 2. D. Anther, x 10. E. Female 
flower, X 2. F. Ovary cut across, x 4. G. Ovary cut lengthwise shewing ovules 
with obturator, x fo. H. Capsule, nat. size. I, Coccus split open, nat . size, 
J. Seed, nat. size. K. Seed cut to shew embryo, x 1-|% (Partly after f^aiilon 
and Bentley and Trimen. ) (From Eton Ja-w.) 

A great mauy genera are apetalous. In Mmiihot (fig. 127), 
a large tropical American genus (128 species) containing 
M, ■iitilissmia (Manioc or Cassava), the calyx- is often large-" 
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E.iwi petaloid,. Our native Dog's - Mercury. (MercwriaMs) lias 
. ' minute flowers - with three sepals, followed in the inale by 
8-20 stamens, in the female by a bicarp-ellary pistil (fig. 126, 

' €!, D): The greatest amount of reduction occurs inEuj)horhia,^ 
where, as already mentioned, the male consists of a sitigle 
stamen, the female of a tricarpellary ovary. 

' ■ The aestivation of the calyx, whether inibricate or valvate,, 

' supplies useful characters for the subdivisions of the family. 
When present the porolla is generally polypetaloiis, rarely 
gamopetaloiis. 

The stamens are free or more or less inoiiadelphous, 
especially below. In Bicimis (Castor-oil plant) and allied 
genera the aiidroecium forms a branching tree-like structure, 
with the anther-cells borne on short ultimate branchletS' 
(fig. 128). In PhyUantkus cydanthera (fig. 126, E) not only 
are the filaments united but also the anthers, tlie latter 
forming a closed ring, as in Oydanthera, a genus of Cucur- 
bitaceae. The divisions between the two chambers of each 
half-anther are generally absorbed so that the anther is two- 
celled. The ovary, in conformity wdth the number of the 
carpels, is generally trilocular. The three styles may be 
simple, sometimes even large and petaloid, but are generally 
more or less bipartite; they are free or more, or less united. 
Mercurialise as already indicated, has only two carpels. The 
ovules are generally provided with a earuncJe or obturator 
wdiich persists in the seed. It is an outgrowth from the 
placenta at the base of the funicle, which covers the iiiicropyle 
like a lid or hood and plays an important part in the con- 
duction of the pollen-tube^. Where there are two ovules in 
a, chamber, each may have a caruncle or one may cover both. 

Outgrowths of the floral axis, forming a disc, are common; 

^ in the female generally in the form of a ring or cup round the 
"'eyary, in the male generally as free or united extrastaminal, 
rarifly intrastaminal, glands. 

Owdng to the complete separation of the sexes, cross- 


pollina'l^a is necessary, Mefcmrialis and others with long 
thread-S)^'^|<^ styles are anemophilous ; but in many cases insects 

^ See Schv. “Beitrage etit Keimtiiis der Saineiieniwicklini" der 
■Ffom, xcrv’, 339 (1905). " 
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are tlie pollinating agents. The brightly-coloured glands or 
bracts such as occur in manyJEuphprbias„(e.g.£^.j 9 'wfcA 6 rfm«., 
the Poiiisettia of greenhouses), D(de<^m/p{a^SrS the * 

petaloid calyx of Manikot^ or even the petaloid disc-segments 
as ill the Mascarene serve as a means of attractiGH, 

while nectar-secretions are frequent, as in the involucral 
glands of 

The fruit is generally a capsule, splitting into three cocci 
(figs. 125, 127, 1 28) which separate from a central column and 
split lengthwise into two valves. Berries and drupes also occur. 
The Mancinil {Hipporncme m/mcinella) of Central America and 
the' West Indies, a tree with a very poisonous latex, has a 
several-seeded drupe (fig. 126, G); and BiscJiofia, another 
monotypic genus, widely distributed through tropical Asia 
and the Pacific islands, has a fleshy berry. Htira crepitans, the 
Sand-box of tropical America, has numerous carpels which, 
in the ripe capsule, separate with great violence into as many 
w’oody cocci. The caruncle on the seed has been shewn in 
species of Mercurialis and Euphorbicc to function as an elaio- 
some (oil-body) attracting ants which aid in dissemination. 

The cotyledons lie flat in the endosperm, as in the Castor- 
oil seed, or are bent or folded. The relative breadth of the 
cotyledon affords a character for distinguishing the two 
primary subdivisions of the family, viz, Platylobeae with 
cotyledons much broader than the radicle (by far the larger 
division) and Stenolobeae with narrow cotjfiedons about as 
broad as the radicle. 

Alchornea (Goelebogyne) ilicifoUa, a native of Australia, is 
of interest as one of the few instances of the adventitious 
production of embryos from cells of the nucelliis. Poly- 
embryony, or the presence of more than one embryo in a 
seed, is a frequent result. 

With the exception of the arctic and cold alpine zones, 
Eiiphorbiaceae are distributed over the whole earth. They 
occupy widely different localities. On the one hand are the, 
very characteristic desert types, on the other marsh plants, 
such as Oaperonia, which spreads from Brazil to, Central 
America and the West Indies, and is also represented in 
'tropical Africa. Not a few are ■ tropical forest-trees, -while 
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inany, SEch as, the .Spurges, aDd. Dog’s Mercury, are widely, ; 
distributed weeds of cultivation. Others, such as Manioc 
{MmiMioi utilissmia) and the Soap-tree (Sapitim seMferum), 
are now spread l>y cultivation far beyond their original area. 
Euphorbia (British) is cosmopolitan and contains about 1000 
specS7chMy in, subtropical regions, occiming more sparsely 
in tropical and temperate zones. Merctirkdis, also British., 
has only seven species, chiefly Mediterranean ; one is found 
in Eastern Asia. 

The chief centre of distribution of the family in the Old 
World is the Indo-Malayan region; in the New World, 
Brazil. The Sfmolobeae, characterised by narrow semi- 
cylindrical cotyledons and generally heatli-like habit, are, 
with the exception of one genus, Dyso 2 )sis, exclusively 
Australian. Dysopsis occurs on the South American Andes 
and in Juan Fernandez. 

Many of the species are poisonous ; some, as the South African 
Toxicodendron, are among the most poisonous known plants. Others 
have been or are still widely used as medicines, for instance the 
Spurges. Castor-oil is obtained from the oily endosperm of 
Bicinus communis, a plant probably native in tropical Africa, 
hut now, as a result of cultivation, spread through ail the warmer 
parts of the world. Aleurites nioluccana and Saphrm seblferiim 
are oil- and fat-yieiding plants ; species of Ilevea, Mabea, 2Iamhot 
and Sapium yield caoutchouc, and species of Groton tmdEu^Aiorbia, 
resin. Manihot utiUssima is one of the most important food -plants 
of the tropics, having a thick tuberous root very rich in starch; 
it is the source of Brazilian arrowroot. Species of Codiaeum (the 
Crotons of hot-house cultivation are leaf- varieties of G, var iegaiM m), 
Pliyllanthus, Jatropha and Euphorbia are widely grown as orna- 
mentai plants. In the tropics the thorny Euphorbias make excel- 
lent living fences. 

The following is an outline of the subdivision of the family 
adopted by Pax in the 

A. PPAPFPOPPAP. Cotyledons broad. 

•Subfamily I. Phyllanthoideae. Two ovules in:eacli ovary-,, 
chamber. Laticiferoiis tissue and internal pMoem absent. 

, («) .: Embryo large. : 

a. Calyx of male imbricate.. ■ ' TAhb I, Phyllantheae, 
p. Calyx of male vaivate., ' ' ■ ■ „ 2. BHdeliem, 

(b) Embryo sma,lh ,, 3. DaphniphyUeae^:^ 
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Subfamily II. Grotonoieeab, One ovule in each chamber. 

Laticiferous tissue present or absent; typical internal 

pliioein occasionally present. 

(a) Partial inflorescence not a cyathiuni. 
a. Stamens bent sharply inwards in the bud. Calyx of male 

imbricate or valvate; corolla generally present. 

Tribe L Grotoneae, 

Stamens erect in bud. 

L Calyx of male valvate. Flowers generally apetalous. 
Inflorescence racemose, spicate or paniculate ; axillary 
or terminal. Tribe 2. Acalyplieae 

(includes Mercurialis). 

2. Calyx of male valvate or almost imbricate, male 

flowers with or without a corolla. Flowers in a 
dichasium. Tribe 3. Jatrophme. 

3. Catyx of male valvate, more rarely^ imbricate. Flowers 

always apetalous, in simple, terminal spikes or 
racemes. Tribe 4. MojnihoUae. 


4. Calyx of male imbricate; male flowers with a corolla. 

Tribe 5. Cluytuae, 

5. Catyx of male imbricate. Flow^ers apetalous. Lati- 
ciferous tubes segmented. Tribe 6. Gelomeae. 

6. Calyx of male imbricate. Flowers apetalous. Lati- 
ciferous tubes unsegmented. Tribe 7. Hippommiecte. 

(b) Partial inflorescence a cyrathium. Tiibe 8. Eupliorbieae. 
B. ST EN GLOBE AE. Cotyledons narrow. 

Subfamily III. Poraxtheroideae. Two ovules in each chamber. 
Subfamily IV. Ricixocarpoibeae. One ovule in each chamber. 


Family>Il. BUXACEAE 

Buxaceae is a small family containing six genera and about 
60 species, about tw'o-thirds of the latter being included in the 
gmmBuxus. It w^as formerly included in Euphorbiaceae but differs 
in the dorsal, not ventral, raphe of the anatropous ovule, and also 
in the loculicidal dehiscence of the fruit. They are all perenniai 
evergreen plants, generally^ shrubs or trees, Biixus sempervirens 
(Box) (fig. 129, A~D) grows wild on the chalk hills of Kent, Surrey 
(Box -hill), Bucks and Gloucester.' It is a native of Central and 
Southern Europe and North Africa and extends through Asia to 
the temperate Himalay^as, China and Japan, Its leaves have 
.....been found fossil in Tertiary deposits in France. 
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The species of Buxus fall iato two sections, E-ubuxm confined to 
Europe, Asia and Africa and Tricera in the West Indies. 

Of the other genera, Sarcococca (four species) is tropical Asiatic ; 
Pachysandra has two species, one in the Alleghany mountains, 



Fic. 129. A~D. Buxus sempervire7is. A. Male flower, x 6. B. Ovary cut length - 
wiye, enlarged C. Capsule dehiscing, x 2 D. Seed cut leiigthmse, x 4. 
E-1 . GalUtriclie verna. E, Portion of shoot bearing two axillary male flowers. 
E. The same with female flowm G, Diagram of male flower. H. Diagmni of 
female flower. I. Vertical section through a young female flower. E, P, I 
much enlarged, (E, E after Le.Maout and Decaisne; €4, H, I after Eichler.) 

the' otter, in .Japan; Styloceras has three species in the tropical, 
regions of the South American Andeii;/Notobuxus, oiw species in 
Central Africa, and nne in Natal; m.d:8immofi{lsm is a inoiiotypic 
Galifornian genus. ! ^ 
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Family III. CALLITBIGHACEAE 

Tlie family contains a single gemis, Gallitriclie^ with 26 species 
of slender terrestrial or aquatic plants, extremely reduced in ‘both 
vegetative and floral structure. The stem, is thin and delicate, 
and the vascular bundle is greatly reduced. The narrow leaves are 
opposite and entire, and the upper often form a rosette on the 
surface of the water, as in C. verna. In the terrestrial forms 
bear characteristic stellate hairs. The plants are monoecious and 
the florvers are solitar}^ in the leaf-axils, consisting of a single 
terminal stamen or of a sessile or shortly-stalked bicarpellaiy ovary, 
betweenapair of delicate bracteoles (fig. 129, E-I), which are absent 
in G. aiitum.7iaUs. The ovary is two-lobed and each cell becomes 
divided by a false partition into two, in each of which is a pendulons 
anatropous ovule wdth a ventral raphe and only one integument. 
There are a pair of long styles which, like the two carpels, are 
placed transversely. An accessory shoot is sometimes borne in 
the leaf-axil beneath the principal shoot, and may be vegetative 
or floral. When both the principal and accessory shoots are floral 
the upper is usually a male, the low^er a female flow^er. As the 
low^er flow^er has generally no bracteoles the wdioie has the appear- 
ance of a single bisexual flower. 

Pollination may occur above the w^ater, or beneath the 
surface when, as in 0. autumnalis, the plant is quite submerged. 
C, verna is proterog^mous. The lobes of the fruit, which are keeled 
or winged at the back, eventually separate into four one-seeded 
indehiscent drupels. The genus is distributed over the greater 
part of the earth. 

The affinity of GalUt riche is very doubtful. According to Robert 
Brown, De Candolle, Hegelmaier, Bentham and Hooker and others 
it is with Haloragaceae. Others suggest a relation wdth the 
Sympetalae, which is doubtfully supported by the single integu- 
iiieiit of the ovule. The position indicated by Liiidley, Eichier, 
and Baillon is the one adopted here. Affinity wdth Euphorbiaceae 
is found in the number and position of the ovules, while for the 
reduction in the flowers w^e may compare ‘the genus Euphorbia. 

Baillon includes Gallitriche in Euphorbiaceae but Pax (in the 
Pflanzenfamilien) separates it as a distinct family on the ground 
of the septum in each carpel and the single integument of the 
, ovule. 

Oidei 9. GEEANIALES 

Flowers bisexual, regular,, more- rarely zygomorphic, liypo- 
gynous, c; die and pentamerous, wdth often obdiplostemonoiis 
.-^'tihdroedum. Sepals imbricate in the bud, free or sometimes 
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■tmited at' the base, often persistent. Petals in the bud ini- 
bricate, sometimes twisted, free. ■ Stamens typically in ^ two 
obdiplostemoiious series, sometimes five by abortion of one 
whorl, sometimes more iiimierous, free, or filaments united 
at, the base into a ring or tube. Carpels, often, ,reduced 
■to three, 'united to form an ovary with as many chambers. 
Ovules one, two or more in the inner angle of each chamber, 
pendulous and anatropous with the micropyle directed out- 
wards, with two integuments. Endosperm present or absent. 

Generally herbaceous plants, sometimes woody, or lianes, 
with generally simple alternate, sometimes opposite leaves ; 
stipules present or absent. 

A well-marked order, allied to the Malvales, from which 
it is distinguished by the typically obdiplostemoiious 
androeciiim and the prevalence of herbaceous forms. The 
flowers are typically regular, but zygomorphy, generally 
median, occurs in derived forms, sometimes characterising 
the family, as in Tropaeolaceae and Balsaminaceae, and 
attaining its highest development in Malpigliiaceae where 
the flower is obliquely zygomorphic. 


Family I, GERANIACEAE 


Flowers regular or slightly zygomorpliic, androeciiim typi- 
cally obdiplostemoiious, the antepetaloiis whorl sometimes 
staminodial, rarely 15 stamens. Ovary generally five-celled 
with one or two ovules in each chamber, the micropyle 
directed outwards and upwards. Fruit a capsule, or separating 
into fi^ve one-seeded beaked portions. Embryo straight or 
curved, completely filling the seed, or with a thin layer of 
endosperm. 

Herbs, or woody below, with alternate or opposite, usually 
palminerved, stipulate leaves. 

About 650 species in 11 genera widely distiibiited through- 
out the temperate zones, with comparatively few in tj:Ae 
tropics and generally at high levels. 


The plants are mostly herbs, or become woody 
stems and leaves are generally tliickly covered vv-^noty!^^ uuqii 
or glandular hairs. The stems of many of the South/ 
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Pelargoniums are thick and fleshy and the plant often persists 
through the long dry season by means of a tuberous thick- 
ening (fig. 131, A). The most strikingly xerophytic type is the 
small South African genus Sarcocaulon, the fleshy stem of 
which bears the persistent spine-like leaf-stalks (fig. 131, B, C). 



Fig. 130. A. Flowei’ of Germiium pratense in vertical section. B. Same of 
Pdargonium ternatum;>^s, spur. C. Fruit of (?. prateme; the outer walls of 
the five carpels have separated elastically from the centra axis, exj^elling 
the seeds, s, B. Coccus of Erodium moschatmn. E, F, G. Floral diagrams 
of Geranium pratmse^ Erodium cicidarkim and Pelargonium zonale; si3ur 
on ux3per sepal. A, B slightly reduced; G, Bxo. (A, B after Reiche; 
E, F, G after Eichler.) 

The leaves are opposite or alternate, with generally a pair 
of small stipules at the base- of the long stalk and a palmi- 
iierved blade. The inflorescence is generally cymose, and 
each flower has a pahpf The flowers are bisexual, 

hypogynous, and, except in Pelargonium and to a less extent 
,in Erodium, regular. The five .-sepals- are imbricate, in the 
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bud and free, except in the small South American genus 
Viviania, and in the monotypic genus Diracima from Socotra, 
where they 'are united into 'a tube with valvate limbs. Alter- 
nating with the sepals are five free petals, which also are 
imbricate in the bud. Pela-rgonium Ims a zygomorpMc flower 
with spur-lilie tubular hollowing of the floral axis below the 
posterior sepal, and petals diffeiing in size or shape. Indica- 



Fig. 131. A. Pelargonium undulatwm, plant in flower developed from the per- 
sistent tuberous stem. B, C. Sarcocaulmi MgrlotMi, B. Stem in flower 
shewing persistent spine-like leaf -stalks, C, Young leaf- bearing shoot. All 
reduced. (A after Andrews; B, C after Engler.) 

tions of zygomorphy occur also in Erodium. In Geranium the 
androecium is obdiplostemonous (fig. 130, E); the stamens 
of the inner whorl are longer than the outer ones, and at the 
baseof each of the former isa nectary. In .Srodmm the stamens 
of the outer whorl are reduced to scale-like stammodes; 
while in Pelargonium ovAj from two to four are fertile. No 
satisfactory explanation of the obdiplostemony in Ger- 
aniaceae has been ghen. We can only state the fact that 
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above the whorl of petals there is a break in the regular 
alternation of the members' of successive whorls, the stamens 
of the outer whorl being opposite and not alternate with the 
petals. The inner stamens and the carpels follow in regular 
order. There is no indication of the suppression of a whorl 
between the corolla and androecium, and the outer whorl of 
stamens originates before the inner so that there is no question 
of subsequent displacement. The five (sometimes fewer} 
carpels unite to form an ovary -with as many chambers and 
pass above into a long well-developed style or “beak/’ 
which divides at the top into a corresponding number of 
slender stigmas. In each chamber, attached to the central 
column, are one or two, rarely more, pendulous aiiatropous 
ovules so arranged that the micropyle is towards the outside 
and the raphe turned towards the placenta. When ripe the 
carpels separate along the septa into five one-seeded portions 
(cocci), which also break away from the central column, either 
rolling elastically outwards and upw^ards (fig. 130, C) or 
becoming spiral^ twisted above the seed-case. In most 
Geraniums the cocci are open on the inside so that the seeds 
escape, often being shot to a considerable distance by the 
suddenness of the elastic up-rolling. In Erodmm and 
Pelargonium each coccus is a closed schizocarp (fig. 130, D), 
and the dispersal and planting of the contained seed are 
promoted by the long twisted upper portion which becomes 
separated from the central column and forms an awn. 
Numerous bristles or hairs on the upper part of the awn 
favour distribution by currents of air, while the very hygro- 
scopic coiled portion bearing stiff upward pointing hairs, by 
becoming more or less closely wound with the varying 
amount of dampness in the air, works the pointed base con- 
taining the seed into the ground. 

In Geranium, Er odium, Pelargonium and two allied genera 
the embryo fills the seed and is more or less bent, while the 
cotyledons are rolled or folded upon each other. In other 
genera a thin layer of endosperm surrounds the straight or 
curved embryo. The cotyledons are green while still enclosed 
in the, seed. 

The larger-flowered species of Geranium are markedly pro- 
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'.'terandrous, the outer stamens, the inner .stamens and the stigmas, 
■maturing siiGcessively. Thus in G. praieme each flower passes 
: through three well-marked stages. Each w^hori of stamens in tiiiii 
' ripens, standing up prominently in the centre of the flower and 
shedding the pollen. As the anthers wither the filaments hend 
outwards, and when all; the anthers have diverged the stigmas, 
hitherto incapable of pollination, become ripe and expanded. By 
this arrangement self-pollination is prevented. The visits of 
numerous bees, which come for the nectar secreted by the glands 
at the base of the inner stamens, ensure cross-poilination. H. Muller 
refers to it as generally the most conspicuous and abundantly 
visited plant in the meadows where it grows. In the species with 
smaller, less conspicuous and less visited flowers, means are taken 
for rendering possible self-pollination. Thus in G, molle, the flowers 
of which are only to | inch across, the divisions of the stigma 
begin to separate even before the first five stamens have all 
dehisced and owing to the proximity of deliiscing anthers and 
stigmas the chances of self-pollination are great. 

Erodium cicutarium occurs in two forms, the one having regular 
homogamous flowers, the other larger flowers which, like Pelar- 
gonmm, are zygomorphic from the diflerence in size between the 
upper two and the lower three petals; they are also markedly 
proterandrous and adapted for insect-pollination. 

Of the eleven genera among which the species are dis- 
tributed, Geranmm covers the largest area. Its species 
(250 in number) spread over the temperate regions and a. 
few occur in the mountains in the tropics ; they are mostly 
herbs. Three of our British species, G, syhatimvm^ G. pratense 
and G, Robertimiwm, ako extend into the Arctic zone ; while, 
in the southern hemisphere, (?. patagonioum and magel- 
lanicum reach the Antarctic. The majority of oiir eleven 
native species are confined to Europe, West or North Asia 
and North Africa, Q. pyrenaicum, rotundifoliimi, Eobertiamim 
and lucidmn extend to India, while G. dissectum occurs in 
North America. 

Erodnmi has 60 species (three in Britain), most of which 
are confined to the Mediterranean region and West Asia, but 
some are found in Central and temperate America, at the 
Cape and in West Australia*. Pelargonium (230 species), 
distinguished from Geranium hj its more or less shrubby 
habit and' zygomorphic flower, has its centre in South Africa, 
with' a few scattered species' in other parts of the Old Worlciv 
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Of the remaining genera, including about 80 species, two, 
Monsonia (mainly tropical and South African) and Sarco- 
cmilon — a small xerophytic genus with thick fleshy stems 
and small leaf-development (fig. 131, B), confined to South 
and South-West Africa — -constitute, with Geranium, Erodium 
and Pelargonium, the tribe Geranieae. The remaining six 
genera (including 44 species) differ from the Gerameae in 
the absence of a characteristic beak, to the ovary and form, 
four tribes distinguished by characters of the calyx, which is 
sometimes tubular or bell-shaped, and the fruit ; Biebersteinia 
occurs in Central and West Asia, four genera are South 
American, mainly Andine, and Dirachma is a monotypic 
genus from Socotra. 

The so-called Geraniums of gardens are artificially produced 
hybrids belonging to the genus Pelargonium, the species of 
which are readily crossed. Many are products of crossing the 
large-flowered P. grandiflorum with other Cape species. 
The ''zonal Pelargoniums’’ are produced from crosses of 
P. zonale with P. inqumam. 


Family II. OXALIDACEAE 

The family is represented in Britain by the Wood-sorrel, 
(Oxalis Acetosella). It differs from Geraniaceae in having the 
ten stamens united at the base, in its five free styles, and in 
the mode of dehiscence of its fruit, which is a capsule splitting 
along the dorsal suture of each of the five carpels, or a berry. 
In Oxalis an outer fleshy layer (aril) of the seed-coat separates 
elastically from an inner hard layer (fig. 132, F), and shoots 
the seed out of the chamber. The embryo is straight and 
embedded in a fleshy endosperm. 

The plants are generally herbs, which are perennial by 
means of fleshy tubers or bulbs. The leaves are alternate, 
stalked, often compound, and generally exstipulate. x\s may 
be seen in Wood-sorrel, the leaflets are folded and bent back 
in the bud and in the sleep-position assumed at night. 
Phyllodes occur in some species of Oxalis, 

Considerable variety exists in the relative length of the stamens 
and styles in the genus Oxali s, Hildebrand, who investigated a 
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large . .mimber of species, found that twenty were triiiiorphic, 
haYing , short-, median-, and .long-styled forms respectively, with 
five stamens at each of the two remaining levels (tig. 132, ])). 
fifty-one were dimorphic, wliile thirty had the one form c>f 
flower. Ill : the last class are O. Acdosella and the two , species 
0. corniailata and O. strkta which, though found in England, are 
not generally considered to be indigenous. 

, , E.xperiments with several trimorphic species shelved that pro- 
ductiveness was greatest after a legitimate cross, that is, by the 



Fig. 132. Oxalis. A, B, I). 0, corymhosa. A. Portion of inflorescence, )< |. 
B. Leaf, x f. D. Stamens, long and short, and styles in median })osition, 
X 6. C, E— G. 0. Acetosella, Q. Diagram of flower. E. lUpe fruit, much 
enlarged. F. Seed, with aril, much enlarged. G. Seed cut lengthwise, mueli 
enlarged. (C, E-G after Bailion.) (From Flor, Jam. ) 


pollination of a stigma from anthers in a similar position ; in some 
cases union between flowers of the same form proved useless. 
Pollination is effected h}^ bees w^here the corolla is funnel-shaped, 
by butterflies where the lower part of the petals forms a narrow” 
tube. In Wood-sorrel, besides the ordinary open flowers, cleisto- 
gamic flowers occur, and also transition forms between the tw^o, in 
which the anthers of the outer stamens become gradually reduced 
and those of the inner more and more closely applied to the 
shortened styles. 

The family contains about 340 species, the greater number 
of which are distributed through the warmer parts of tlip 
earth. Of the seven genera, one, wdth two species, is a natiy 
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of Brazil, two r.re iiionotj-pic genera from ■ Sumatra, and 
high up (about J 0,000 ft.) on the Andes of Bolivia, respectively^", 
a fourth has th^.ee species in the Malay Archipelago; Averrhoa 
(a tree) is cultivated in the tropics for its fruit (a berry) which 
tastes like a gooseberry, and Biophykmi, which has leaves 
sensitive to the touch, has about 30 species in the tropics of 
the three great continents. The remaining 300 species are 
contained in Oxalis, wdiich has one centre of distribution in 
South Africa and another in South America. 


Family III. BALSAMINACEAE 

This family is represented in our flora by one species only, 
Impatmis Noli-tangere (Touch-me-not). 

The plants are generally annual herbs with succulent stems full 
of watery juice, and simple leaves which are alternate, opposite, 
or in whorls of threes. Stipules are absent or represented by a 
pair of glands at the base of the petiole. The flowers are borne 
singly or several or many together on axillary peduncles, and are 
strongl};" zygomorphic in the median plane. They are pentamerous 
and represented by the formula S5, Co, A5, G(5). The sepals are 
petaioid, the posterior is very large and spurred, the two lateral 
are small and pushed forward to the anterior aspect of the flower, 
while the two anterior are minute or sup|)ressed. The slender 
pedicel is often twisted so that the spur becomes anterior, when the 
flower is termed resiipinate. The anterior petal is large and external 
in the bud, the lateral and posterior are generally more or less 
united in pairs on each side of the flower so that there are ap- 
parently only three petals. The flve stamens have short broad 
filaments and anthers cohering and covering the pistil like a cap. 
Ultimately the}^ rupture at the base and are lifted up by the 
lengthening pistil. The ovary is oblong, five-celled, and terminates 
in a sessile five-toothed stigma. Each ceil contains a single axile 
row of pendulous anatropous ovules. 

The fruit is a capsule with loculicidal dehiscence. It spjrings 
open at a touch when ripe, the five valves se|)arating from the 
placentas and becoming elastically coiled while the seeds are 
shot out on all sides . The slightly compressed seeds are completely 
filled with the embryo, which lies straight along the axis and con- 
sists of two large cotyledons face to face and at the upper end a 
small radicle. Small cleistogamic flowers occur in J. NoU4angere. 
and other species, in addition to the coloured ones ; the latter are 

18-2',' 
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proterandrous and pollinated by bees as they si;.*^k nectar from the 
spur/.". ' '■ ' 

Irnfatiens contains about 400 species, most of which inhabit 
the mountains of tropical Asia and Africa. A' few occur in Central 
and Northern Asia, South Africa and North America. Impafiens 
Noli-tangere is the only European species.: 'iC, second genus, 
Hydrocera^ is represented by a single species, a marsh-plant found 
in India and Java. /. parvi flora, an annual with very small 
yellovir flowers, a native of Siberia, has become naturalised in 
Europe (incliidiiig Britain) as, a garden esca^De, L fulva, a North 



Pig. 133. hrvpatims. A. Flower of/. Bahamma, nsbt size. B. Moral diagram of 
I. Boylet ; s, spurred sepal; lateral sepal; p, large petal. C. Vertical section 
of androecmm and gynoecium oi L Balsumina, x5. D. Fruit of I. Noli- 
tangere, iiat. size. E. Same in vertical section. F. Same dehiscing. (A after 
Botan. Mag.; B after Eicliler; C, D, E after Warburg; E after Baillon.) 

American species resembling /. NoU-tangere but with orange 
flowers, has become naturalised on river-banks in Britain. L Bal- 
samina (Balsam), an East Indian species, is well known in gardens. 
The taU rapidly growing 1. Roylei, a Himala3mn species, is also 
grown, and has become naturalised in South Wales. 
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Family IV. TROPAEOLACEAE , 

TMs family contains one genus, Tropaeolum, witli about 
50 species on the nlountains of Mexico and the Andes as far south 
as Chile; three occur also in South Brazil. T. majus and T. minus, 
natives of Peru, are the ‘^Nasturtiums ” of our gardens. 

The plants are juicy herbs, sometimes perennial b}^ possession 
of tubers. The scattered peltate or lobed leaves are generally ex- 
stipiilate and their long stalks are often sensitive to contact , twisting 
round objects presented to them and thus enabling the plant to 
climb. The long-stalked conspicuous flowers are solitaiy in the axils 



«Eig'. 134. Tropaeolum majus, A. Flower in vertical section, slightly reduced. 
I B. Diagram of ‘flower. C. Gynoeciuin, enlarged. D. Fruit. E. One coccus 
of fruit cut lengthwise she'v^ing seed in .section, enlarged. F. Developing 
embryo, e, at the end of the suspensor, and the two lateral haiistoria, 
much enlarged. ( F" after Schacht. ) 

of the f oliage-leayes , and are zygmiiorphic, with the formula S5 , C5 , 

^ A8, G(3). The sepals are petalord; the posterior and two lateral, 

together with a unilateral growdh of the receptacle, form a large 
^ dorsal spur. The three anterior petals also differ from the two 
posterior in having a claw and a ciliated margin above it. The 
stamens are arranged in two row^s of four, one row on each side of 
. the ovary ; they may be compared with the two pentameroiis whorls 
^ of <feraniaeeae, in each of which the median stamen has been, 
siip;^ssed . Zygomorjohy in . the median plane is disturbed by the 
oblique j 3 osition of the carpels, of which the odd one is not exactly 
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posterior but a little to the right or left of this position. There is a 
single pendulous anatropous ovule in the inner aiigde of each of the 
three ovary “Chambers.' The central filiform style divides at the top 
into three stigma-bearing branches. The fruit divides into 'three 
one-seeded fleshy schizocarps. The, embryo with its large 
cotyledons fills the seed-coat. 

The flowers are proterandrous ; the anthers one by one in the 
order of their development are brought op]>osite the entrance to 
the nectar-containing spur, shed their pollen and then resume their 
original position. Finally the style bends over and brings the 
stigmas into the same position. The stifl cilia on the lower margins 
of the anterior petals form a fence against the entrance of those 
insects which would he too small to effect polliiiatioii and the 
visits of which ’wouki result only in a loss of useful pollen. 

The embryology is peculiar. A three-legged structure results 
from the development of the oospore. The siispensor becomes 
much elongated, grows out of the micropjde and bears two long 
appendages (hanstoria) one of wdiich grows into the tissue of the 
placenta and absorbs nourishment for the developing embr3’o while 
the other grows out into the ovaiy-cavity and may serve as a 
respiratory organ; at the other end of the suspensor the enibr^m 
is developed. 

Family V. LINACEAE 

A small family containing about 150 si^ecies, 90 of which belong 
to the genus Linum , the remainder being very unequally dis- 
tributed among eight other genera. The two British genera, Limim 
and Radiola, with two others, are herbs or small shrubs with the 
fertile stamens equal in number to the petals, and form a section, 

EuUneae, closety allied to the Geraniaceae and Oxalidaceae. The 
remaming five genera form a second section — Hmjoriieae (after 
the largest genus — consisting exclusively of tropical trees | 

and shrubs, often climbing, which in their man^^'-membered i 

androecium (stamens two to four times as numerous as petals) 
recall the Ternstroemiaceae. 

The flowers are regular and generalty pentamerous, with a qiiin- 
cuncial calyx followed bj’’ a whorl of regularl^^ alteriiatiiig petals, 
which are imbricate or twisted m the bud. The filaiiieiits of the 
stamens are united at the .base, forming, a ring on the outside of 
, which... are, nectar-secreting- glands,. The. carpels are genera,lty .five | 

in number and opposite the petals, forming a five-chambered , ■ i 

ovary, with two . pendulous anatropous ovules in the imior angle ' ' 
of each chamber ; the latter often become halved by the ingrowth 
.of a. ‘■.'false’' septum from the dorsal suture. The- stifles are free, ^ 
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and tlie stigmas terminal. The fruit is a capsule (except in some 
of the Hugonieae where it is drupaceous) surrounded at the lease 
by the persistent calyx,, and splitting septicidally into as many 
valves as there are carpels, ,pr into double the number ’when false 
septa divide each carpel into twm chambers. The seeds have a 
fleshy endosperm in which the usually straight embryo is embedded . 

The leaves are alternate, or rarely opposite, simple, entire, with 
small stipules or exstipiilate. The form of the inflorescence varies, 
and is cymose [Linmn and Radiola) or racemose. 



Fro. 13ix Linwm jmmicense. A. Upper part of stem, x |. B. Diagram of flower. 
C. Flower bud, x 7. D. Bud opened with part of calyx and corolla removed, 
X 5. E. Capsule, enlarged. F, Capsule cut across. G. Seed of L. iisitatis- 
mnium, cut lengthwise. (From Flor. Jam.) 


:.Limmi is generally distributed in temperate and subtropical 
regions ; three species are native in the British Isles, the commonest 
of which, L. cathartimw>, a small annual, with the lower leaves 
opposite, extends into Arctic Europe. L, usitatismmim (Flax) 
occurs as an escape wherever the plant is cultivated for the sake 
of its long tough bast-fibres or its oily seeds (linseed oil). It is a 
native of the country lymg between the Persian Gulf, and the 
Caspian and Black Seas^. 

The five fertile stamens are opposite the sepals, while opposite 
the fugacious petals the ring formed by the cuneate bases of the 
filaments is prolonged into five teeth •which may be regarded as 
staniiiiodes. The American, South African and some of the 

^ Be Candolle, A. Origm of CiiUivated PlantSm 
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;Epropeaii species: (as and also L, usitatissimtmn 

'bomomorpMc ; in these the \dsits of insects may result in cross- or' 
self-pollination according to the method of entrance. If insect- visits 
do not occur, self-pollination is effected by the bending inwards of 
the stamens which previously stood out at some distance from, 
though on the same level with, the stigmas. Dimorphic species, 
with iong-styled and short-styled flowers, are confined to Europe, 
North Africa and, Asia. Experiments have shewm that pollination 
of a flower with pollen from the same form leads in many cases to 
little or no production of seed, while full fertility follows a legiti- 
mate crossing. On germination the seeds become covered with 
mucilage, produced by the degeneration of cell-walls in the outer 
layer of the seed-coat. 

Radiola, a monotypic genus, is a very small annual herb with 
slender repeatedly forking stem, opposite exstipiilate leaves and 
a tetramerous flower. It grows in damp sandy places in Europe 
(including the British Isles) and North Africa, in the mountains 
of tropical Africa and in temperate Asia. 


Family VI. ZYGOPHYLLACEAE 

There are about 160 species in 25 genera in dry districts in the 
warmer parts of the world, especially in salt-deserts, where they 
form a characteristic feature of the vegetation. The}" are rarely 
annual herbs, generalh^ undershrubs or shrubs, ^vdth opposite, 
rarely alternate, generally paripinnate leaves; stipules are present. 
The regular bisexual flowers are terminal and solitary, or cyniose. 
They are jjentamerous, or sometimes tetramerous, with obdiplo- 
stemonous androeciiim (rarely 15 stamens). The stamens generally 
bear outgrowths at the base which unite to form an appendage 
standing inside the staminal ring. The ovary is generally four- or 
five-chambered, with one to several ovules in each chamber, 
pendulous from an axile placenta. The single angular or furrowed 
style bears a terminal stigma. Pollination is presurnabl}^ effected in 
the majority by insect-agency. The fruit is a lociilicidal or septicidal 
capsule or divides into indehiscent one-seeded portions; more 
rareljr a berry or drupe. Endosperm is present or absent. 

Guaiacum officinale, a small tree of the dry coast-area froiii 
Florida, West Indies and equatorial America, yields giiaiacum- 
wood — used medicinally for the bitter resin contained in the heavy 
greenish-brown heart wood. (Fig, 136.) 

Tribidiis terrestris, a herb, native in dry and sandy districts in 
South Europe to Central Asia and in tropical and South Africa, 
has a thorny schizocarp which is readily carried by animals. 
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Fig. 136. Guaiamm officinale. A. Small shoot bearing inflorescence and one 
fruit, X I . B. Flower with sepals and petals removed, x 3. C. Ovary 
cut across, x 4. D. Pistil cut lengthwise, x 4. E. Ovule mucli enlarged. 
F. Fruit cut lengthwise, nat. size. ( After Berg and Schmidt. ) (Prom Flor. Jam . ) 

Family VII. MALPIGHIACEAE 

A tropical family of woody plants, mosttyliaiiesj but including also 
small trees and shrubKS, and in some cases, as in the genus Gamarea 
(dry parts of Brazil), low-growing small-leaved xerophytic shrubs 
with a large swollen root. Some of the finest Hanes of the tropical 
forests belong to this family, and many of these, especially in the 
American species, shew abnormal secondary thickening due to 
localised growth of xylem and phloem, forming, similarly to 
what occurs in many Bignoniaceae, star-shaped figures of wood 
with corresponding ingrowths of phloem and parenchyma, some- 
times associated with phloem -islands in the xylem. The plants 
are generally more or less densely covered with hairs; in some 
species with stinging hairs. The hairs are one-celled and variously 
branched. The leaves are generally opposite and entire, often with 
glands at the base or on the petiole; stipules are present varying 
ill form and position. The inflorescence is racemose and usually 
compound; the fiower-staiks are jointed and beai: a pair of 
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bracteoles below the joint. The often large showy flowers are 
generally bisexual ; thej'’ are pentamerous, obdiplosteinonous and, 
at any rate in the gynoecium, obliquely zygomorphie. The 
receptacle is convex or flat, rarely slightly hollowed, when the 
flower becomes perigynous. The sepals are generally united at the 
base and often provided with nectaries of varjdng form; they 
persist in the fruit. The petals have generally a olaw% and a fringed 
or toothed margin, and form a regular corolla; the corolla is, 
however, sometimes obliquely zj^gomorpliic. The androeoium is 
typically obdiplosteinonous and regular, but frequently becomes 



Fig. 137. Malpigliia glabra, A. Flowering shoot, I iiat. size. B. FIowt^t, x 3, 
G. Flower with sepals and petals removed, cut lengthwise, x o. B. Diagram 
of flower; the shaded portions on the sepals indicate the glands. E. Drupe 
cut lengthwise shewing seed and embryo, x 2. F. Drupe cut across shewing 
the three pyrenes, X 2. G. One pyrene, x 2. {Attev Flor. Jam,) 

zygomorphie hj one or more iiieiiihers becoming staminodial or 
completely aborted. The filaments are generall}^ nnited below, 
forming a longer or shorter tube. The anthers are iiitrorse with 
often an enlarged connective. The pistil consists generally^ of three 
(rarely two, four or five) united carpels, placed obliquely, the plane 
of symmetry passing through ’the third sepal in order of develop- 
ment. The inner angle of each chamber bears a single pendulous 
ovule with upwardly directed micropyle and a ventral ftinicle. 
The structure of the flower implies pollination by aid of insects; 
cleistogamic flowers also occur. The fruit divides into one-seeded 
portions which are sometimes winged or nutlike or split open on 



several ovules arranged in two rows 
carpel j but usually there are only two, w’^hicli are 
^‘al or superposed (fig. lil, D). The ovule has a ventral 

j^iie and an upwardly pointing micropyle, but where two 
are superposed the micropyle of the upper is often directed 




Fig. 139. A. Flower of Buta graveohns in vertical section, xo; disc. B-F. 
Dictarmius alhus. B. Flower. C. Vertical section shewing ovary and gytio- 
phore, X 5. 1>. .Fruit dehiscing. E. Chamber of fruit in section. F. Seed, x 4. 
(After Engler.) 

dowiwards. Sometimes only one ovule is present. The 
genus Feronia affords a striking exception in having a syii- 
carpous ovary wnth many parietal placentas on wdiich minieroiis 
oyules are arranged in many row^s. 

The flowers of most Rutaceae are well '•arranged for pollina- 
Ton by insect-agency; the coloured corolla rendering them 
ispicuous and the disc secreting a supply of easily accessible 
n ^tar. Gross-pollination is often favoured by the marked 


Ultron and others 5 reduction of the leaf freqn^ 
further, the first one or two leaves' of a bud in the ^ 
being reduced to thorns. . .■ ’v flowers are 

' The flowers are sometimes solitary, but generally 
in an inflorescence which is rarely a simple raceme, more ofSc 
involving some cymose arrangement (fig. 138). 

' The' great majority have obdiplostemonoiis flowers with 
an isomerous pistil. Where only one whorl of stamens is 
present, .it is ^ aiitesepaloiis. many of the Diomeae and 
others shew an intermediate' condition in the replacement of 
the antepetalous stamens by staminodes. In Cifms pleio- 
mery occurs, the iiiimerous stamens being associated in , 
bundles '(polyadelphous) derived by splitting of simple 
primordia. In this genus the number of .carpels is also generally 
increased; the Orange (C. Aurantium) has 6-20.' The number " 
of carpels is sometimes reduced to, one.- ■ 

■ As already stated the flowers are tjq)i'Callypentamerous; the 
odd sepal is^ posterior and the odd petal anterior. Tetrameroiis . 
and trimerous flowers also, occur. ' In Iltita (Rue) only the 
. terminal flower is pentamerous, the lateral being tetrameroiis , 
with the first sepal next to the bracteole and the petals placed 
diagonally in relation to it (fig. 138 )., In trimerous flowers the ' 
odd sepalis posterior and external. The flower of Dictamnio^- 
..(Dittany) is ..slightly zygomorphic in the median plane (fig. 

139, B). As a rule, however, w^here^..z.ygomorphy occurs it is 
oblique. The calyx is regular with imbricate aestivation, and the 
..se.pals are united at the base. In the American tribe 
which is characterised by zygomorphic flowers and a game-, 

' petalous corolla, the sepals are often united into a tube. The 
..petals. .are .generally .free, conspicuously larger than the sepals 
' and white, red oi ^ yellow in colour. The Australian genus Correa , 
a' species of which, (G. spemosa) is well known .in cultivation, . 
haS' a . short cup-like calyx, and a long narrowly bell-shaped , 
gamopetalous corolla (fig. 141). i 

In most genera the carpels are only slightly united at the 
base or sides, the ovary forming a deeply lobed structure ' " 
with the united styles rising from the centre. In the Atiran-^ 
tieae and the closely allied Toddalieae, the union of the carpels 
is complete, the ovary being multilocular and entire or only cs: 

"‘j4" ed 
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same time elastically separated from the exocarp and exposr 
the seeds, which have a dry crustaceoiis smooth or war 
coat (fig. 139). On the other hand, where the carpels are con 
pletely united in the flower, the fruit is generally a drupe i I 
berry. The berry of the Orange-group has a smooth eiidoci; 
or encloses a fleshy pulp which consists of large-celled jui ? 
emergences growing into the chambers from their walls an 
gradually filling up the cavity (fig. 140, D). The well-kiiowii 
slippery feeling of the seeds of C^i^m^isdiie to the miicilagiiioiis 
nature of the outer membr§,ne of the epidermis, which protects 
the seed from being crushed when the pulp is eaten by animals. 




Pig. 141. Correa speciosa. A. Flower-bearing twig. B. Calyx (eiit), stani 
(one removed) and pistil, x 2 (nearly), C.^Disc and ovary," x 6. B. Tiie sa 
in vertical section. E. Seed cut lengtliydse, X 4 (nearly). 

The seeds . contain a large embrj^o, which is straight c 
bent with flat plano-convex convolute or folded cotyledons 
Endosperm is present or absent. Polyembryoiiy is frequent 
in dims, and results, as Strasburger shewed, from an ad- 
ventitious production of embryos from cells of the niicellus 
above the embryo-sac, . As many as thirteen may occur in 
one seed but seldom more than three germinate. 

Engler distinguishes the. following subfamilies which differ in 
the character of the fruit: 

I. ^Rutoidbae. Carpels; generally , four , or' .five, ..more or less 
, . distinct in the .fruit -and opening, on,.the ..inside with iisimlh 
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Xmithoxyleae {2^ genera)... A. widely distributed .group of 
woody plants with usually small greenish or greenisii-wMte, 
always regular, sometimes unisexual flowers. Carpels 
rarely with more than two ovules. Xanthoxylum (tem- 
perate East Asia and North America); Fagara (140 species 
ill the tropics) includes useful timber-trees. Clioisija ternata^ 
a favourite greenhouse or garden shrub, is a native of Mexico. 

R^deae (7 genera). Herbs or undershrubs, more rarely shrubs,, 
with median-sized always bisexual flowers. Carpels, 
generally with more than two ovules. Natives of the North 
temperate zone. Dictamnus is a moiiotypic genus spreading; 
from Central and South Europe to the Caucasus, Northern: 
China and Amurland ; the flower is zygomorphic. Ruta has 
about 40 species spreading through the Mediterranean 
region to Eastern Siberia; Ruta graveolens (Rue) is a 
strongl}^ smelling herb with bipinnate leaves and dull 
yellow flowers often cultivated in Britain. 

Bor onieae, with. 18 genera (Boronia, Correa, etc.), is exclusively 
Australian. Undershrubs or shrubs with regular bisexual 
flowers and seeds with a fleshy endosiDerm. 

Diosmeae (11 genera) is South African. Shrubby xolants 
(rarely trees) with simple leaves and seeds without eiido- 
sperm. 

Gusparieae, Shrubs and trees with regular or zygomorphic 
flowers. About 100 'species in tropical America. 

II. Flindebsioideae. Fruit a loculicidal or septicidal capsule. 
A small group of woody plants, mainly Australian. 

III. Spathelioideae. Fruit a Avinged drupe. One genus only, 
in the West Indies. 

IV. Toddalioidbae. Fruit a dru]3e or dry and Avinged. Trees 
or shrubs widely distributed in temperate and tropical countries. 
Ptelea trifoliata, a North American tree, and Skmimda japonica, 
a shrub (East Asia), are often grown in gardens. 

V. Aueantioideae. Fruit a berry. 14 genera in the eastern 
hemisphere, mainly tropical. Includes the genus Citrus, several 
species of which have so long been cultivated as to render 
difficult the systematic arrangement of the various races. Citrus/ 

' includes the Amrious Oranges — -the more important 

, races, are A^ar. am>ara, the Bitter or Seville, Orange, var. BergamUy 
the,, Bergainotte,. var. sinensis, the SAveet or China. Orange;,, 
Gt medica includes the Citron and Uemon (var. Limmium), xnd 
Lime (Yax. 'acida); C, nohilis is the ,.true Mandarin, C. grandis' 
the Shaddock, and G. paradisi ,the Grape Fruit ; they are, mostly 
iiatiAUs of China and Cochin China. 
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; Family IL SIMARUBACEAE 
■ A small family of about 150 species and. 30 genera occiirriiig 
in, the warmer parts of the world. The plants are. shrubs or trees 
containing bitter principles in the bark and wood ; with generally 
scattered pinnate leaves. The flowers are small, regular and 
bisexual or generally unisexual by abortion, with 3- to 7-merous 
calyx and corolla, and as many or double as many stamens 
(obdiplostemonous) often iDrovided with a scale-like appendage 
at the base, and four to five or fewer carpels completely united to 
form a one-celled ovary or united only by the style or stigmas; 
ovules usually one in each chamber. Betw^een stamens and carpels 
is a disc which assumes various forms. The fruit is a schizoearp 
with dry, sometimes winged, or drupaceous mericarps, or drup- 
aceous with two to five one-seeded chambers. Endosperm is very 
thin or absent ; the embryo has thick cotyledons. 

Ailanthus glandulosa (Tree of Heaven), a native of China, is an 
ornamental tree with pinnate leaves and winged fruit. Picrasma 
excelsa (West Indies) yields Jamaica Quassia-wmod, and Quassia 
amara (tropical America) Surinam Quassia- wood. 

The famity is closely allied to Rutaceae, differing mainly in the 
absence of oil-glands and in the marked tendency to uiiisexuality 
in the flowers. 

Eamily III. BURSERACEAE 

A tropical family, chiefly American, wdth about 400 species in 
13 genera. The plants are shrubs or trees with scattered compound 
gland-dotted leaves and small flowers; balsams and resins are 
contained in passages formed by separation of cell-layers or 
destruction of cells. The small flow^ers are generally unisexual, 
with 5- to 4-merous calyx and corolla and haplostemonotis or 
obdiplostemonous androecium. A disc is present, and the five 
to three carpels form a compound multilocular ovary with generally 
two ovules standing side by side in each cell. The fruit is a 
two- to five-seeded drupe or a capsule. Endosperm is absent, 
and the straight or rolled embryo fills the seed. Many species are 
valuable as sources of aromatic resins and balsams. Such are 
species of Boswellia from Somaliland and Arabia which yield 
frankincense or olibanum; and species of Commiphora from the 
same countries and from Northern Abyssinia which yield myrrh. 

Family I?. MELIACEAE 

.An almost exclusively tropical family containing about 45 genera 
and 670 species, mostly trees and shrubs with generally alternate 
pinnately compoimd exstij)ulate leaves, and axillary panicles of 
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regular bisexual or polygamous laowers. The calyx and corolla 
are 4- to 5-merous, the 8— 10 stamens are generally united to form a 
longer or shorter staniinal tube ; a disc is present between stamens 
and pistil or absent. The small ovary is generally two- to five- 
chambered, with one or two, seldom more, ovules in each cbamber. 
The fruit is a capsule, berr}^ or drupe; the seeds are often winged. 
Endosperm may be present and the cotyledons are then often leaf- 
like, or absent when the cotyledons are fleshy and often united. 



I'm. 142. StvieMnia m A. Leaf arid inflorescence, | ii at. size. B. Buds 

and open flower; staminal tube; x IJ. C, Flower cut lengthwise; 
stamina.1 tube; d, disc; x5. D. Fruit opening, one valve has been removed 
exposing the seeds, x-J. E. Central axis of fruit; p, points of attachment 
of seeds^ X .J. F. Seed,"x |. {Aftev Floi\ Jam.) 

Many are vahiable timber trees. Swieteiiia mahagom 
Indies) is the true Mahogany; African Mahogany is the product ^ 
of KMya senegalensis And other species. Cedrela odorata (West 
Indies) /yields the cedar- wood nf commerce. 
ornamental tree, also yields valuable timber. 

. . , ■ ■ ' ,.19-2' ^ 
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SAPINDALE8 

Flowers bisexual or unisexual by reduction, regular or 
more often zygomorphic, hypogyiious, often: with a disc- 
formationbelow the ovary ; generally pentameroiis, sometimes 
tetramerous, with a diplostemonous andrpeciuiii, and reduction 
in the ovary generally to three or two carpels. Reduction is 
also frequent in the androeciuni. Ovules with two integuments, 
one or two in each chamber of the ovary, position various, 
pendulous with a dorsal raphe or ascending with a ventral 
raphe (except in Polygalaceae wdiere it is pendulous with a 
ventral raphe as in Geraiiiales). Fruit various, often one- 
seeded. Embryo large; endosperm generally absent. 

Generally trees or shrubs (herbs in Polygalaceae), wdth 
simple or compound, alternate or opposite leaves and 
numerous small flowers. 

Closely allied to the two previous orders. 

Family I. ANACARDIACEAE 

A family of 66 genera with about 500 species, chieflj?' 
tropical but extending into southern Europe and temperate 
Asia and America. They are trees or shrubs coiitaining 
resin-passages with alternate exstipulate simple or compound 
(unequally pinnate) leaves, and generally numerous small 
flowers in terminal or axillary panicles. In habit they closely 
resemble other families of the order, especially Sapindaceae 
(and alsoRutaceae in the previous order) but are distinguished 
by the presence of schizogenous resin-passages and the solitary 
pendulous or ascending anatropous ovule attached to the 
ventral face of the carpel with the raphe dorsal. 

The flowers are typically bisexual but often unisexual by 
reduction of the androecium or gynoeciiim; they are generally 
regular and peiitamerous, with reduction to three in the gynoe- 
oium.^. The form -of the floral axis shews great variety. The 
more usual form is a short convex receptacle with hypogynoiis 
'.corolla, and stamens,: often' .with small neetar-secreting.. out- 
growths between the stamens. In other cases a disc, often 
cup-like in form,; is present .hetween.: stamens and. pistil, as; 
in Rhus (fig. 143), or the axis is lengthened or thickened; 
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thus mMangifem mciica.{Mango), a thick cushion is developed 
between corolla and stamens (fig. 144, A), while in ilfek#or- 
flioea an elongation of the floral axis between the corolla and 
pistil is correlated with an increase in the number of staminal 
whorls. The ten stamens are all fertile {Budianania) or 
reduction and loss of function may take place ; for instance 
has sometimes only five, Anacardiuni 10-7, of 
which only one is fertile and much exceeds the rest in size; 

has at most five (antesepalous) stamens; here also 



Fig. 143. Rlim Meio^pium, A. Panicle of male flowers with leaf, x B. Male 
flower cut lengthwise, x 4* C. Female flower cut lengthwise, x 4. D. Dra|)e 
cut lengthwise, X 2. (After Sargent.) (From F^or. 

reduction to a single fertile one may occur. Often only one 
of the three carpels contains an ovule, or where each is 
oviiliferous, only one ripens; Buchanmiia has five distinct 
carpels but only one ovule and seed. In 'Mangif era, Ana- 
car dium and, allied genera’ 0 B.ly.....pne carpel is present. ^ The 
fruit is dry or drupaceous; the seed contains a more or less 
bent embryo with flat or thick plano-convex cotyledons and 
little or no endosperm. Goggygria (formerly known as 

BJms Cotinus), the Wig-tree, native from soutliern , Europe 
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throiigli temperate ilsia to China, has polygamous flowers, 
the stalks, of wliieh in the fruiting season lengthen and be- 
come ' hairy rendering ’ the infructescence, which becomes 
detached as a whole, light and easily carried by the wind. 

The largest genus, RJim, contains 120 species, which are widely 
distributed in the warmer parts of the world. BMis Coriaria is 
the Sumach, a native of southern Europe; E, Toxicodendronm the 
North American Poison-oak or Poison-ivy; the Japanese M.vemi- 
cifera yields lacquer. In Anacardmm occidentale (Cashew^-nut), a 
native of tropical America, the solitary carpel forms a nut with a 



EiO. 144. A. Bisexual flower of Mmujifera indica, x5; d, disc, B. Fruit of same 
cut vertically, x|-; e, endocarp; /, funicle; c, cotyledon; r, radicle. C. 'Ana-^ 
cardium occMentale. Section of fruit and seed on the swollen fniit-staik, x | ; 
Pf pericarp with numerous oil-containing cavities; c, cotyledon; r, radieie. 
(G after Engler.) {^vom Flor, Jam,) 

hard bitter-resinous pericarp containing an oily edible seed; the 
fruit-staik swells to form a large fleshy pear-like edible structure 
(fig. 144, G). The solitarj?' carpel of Mangifera indica (MMigo) 
(fig. 144, B) produces a large drupe with a luscious mesocarp. The 
seeds of Pisfacia yield oil; those of P. vera (Mediterranean region) 
are eaten as Pistachio nuts. P. Terebmtims (the Terebinth) and 
P. Lentiscus me widely distributed in the Mediterranean area ; the 
latter, which yields mastic resin, is a conspicuous feature of the 
Maqiii vegetation ; the former yields a turpentine which exudes from 
cuts in the stem; the podiike galls, rich in tannin, borne on the 
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vegetative organs and flower-stalks are an article of eommeree in 
the East. Schimis, molk '(Pepper- tree), a native of the Andes and 
subtropical South America, is a' graceful tree, widely cultivated in 
the Mediterraiiean region and subtropical climates; 

Family II. SAPINDACEAE 

All important tropical and subtropical family with about 
130 genera and 1000 species: They are trees or shrubs, some- 
times Manes climbing by tendrils and with remarkable steiii- 
striictiire, the result of anomalous secondary growth in thick- 
ness. Ill addition to the' central vascular bundle-system, 
cortical systems are developed, often shewing considerable 
complication, as in the stems ot Serjania, Pmdliniay Thin- 
ouda and others. The tendrils are axillary and represent 
modified inflorescence-axes;., they, are forked at the apex, 
and the branches are often flat and rolled like a watch-spring. 
The leaves are alternate, generally compound and pinnate, 
•with or without a terminal leaflet; only in ' climbing species 
are small stipules present, ' Latex or resin is often contained 
ill special sacs or cells which appear in the dried leaves as 
transparent points or streaks. The numerous inconspicuous 
flowers are borne in unilateral cymes arranged in racemes 
or panicles. They are unisexual, though apparently poly- 
gamous, with obvious male and female,' and apparent 
bisexual flow^ers; in the -last ' the- stamens though present 
bear permanently closed and functionless ' anthers. They are 
regular or obliquely zygomorphic, generally pentamerous, 
sometimes tetranieroiis. The sepals are generally free, and five 
.in number with imbricate aestivation, in symmetrical flowers 
apparently four by union of the third and fifth.; the penta- 
meroiis corolla in symmetrical flowers becomes similarly tetra- 
ineroiis by suppression of a petal; the petals are free and often 
provided on the inside with scales and hair-tufts which cover 
the nectaries.- Between- petals and- stamens the floral axis is 
developed to form a disc, which is generally ring-like and 
bears glandular swellings opposite the petal-insertions.: 

The stamens are usually in - two pentamerous whorls, often 
reduced to eight or even fewer, bysuppression- (see fig. 145) ; ■ 
they are inserted inside the. disc around the pistil or "pistil- 
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rudiment. : The pistil is usually trimeroiis, with a terminal 
style and a three-celled ovary, and usually' one ascending 
ovule with a ventral raphe in' each chamber. The large fruit 



Pig. 145. Sapindits A. Male flower. B. Ditto cut lengthwise. G. Petal. 

D. Pemaie floAver cut lengthwise. E. Fruiting branch. F. Coccus cut 
open, shewing the seed. G. Seed shewing the hihim. H. Seed cut length- 
wise. d, disc, A-D, X 10; E~H, nearly nat. size. (After Floi\ Bras.) (From 
Flor.Jmn.) 



Fig. i46. LifcM chinmsis, iK. Nut. B. Aril enclosing seed. C. Nut in section; 
the aril (a) completely surrounds the seed. 


is dry, forming a capsule or nut, or fleshy and a berrj- or 
drupe; it is sometimes a .schizocarp and frequently winged. 
The seed, which often bears' an aril (e.g. the fleshy aril of the 
Litchi), is exendospermic, containing only the curved embryo. 
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'Serjania a^nd PauUmia are large genera (containing nearly 
300 species) of tropical American lianes with watch'-spring 
like tendrils and generally winged fruits. The berries of 
species of Sapindtis, a genus with 11 species, occurring in the 
\¥armer parts of Asia and America, contain saponin and yield 
a lather with winter. S, Saponaria (fig. 145), Soapberry tree 
(tropical and subtropical America), has only one or two of the 
segments (cocci) of the fruit developed. LitcU cJiinensis 
(Litchi), a native of China, is widely cultivated for the fleshy 
sw^eet aril which surrounds the seed and is contained in a 
brittle nut -like fruit. A similar structure occurs in species of 
the allied genus Nephelium (tropical Asia); A^. lappaceum is 
the Rambutan. Other genera yield valuable timber. 

Family III. ■ACERACEAE 

Floorers regular, unisexual, or often polygamous, generally 
conforming to the formula S5, P5, A4-f 4, G(2). Petals free. 
Stamens hypogynous or perigynous, inserted on or inside an 
annular, often lobed, disc. Ovary twB-lobed, writh two col- 
lateral or superposed ovules in each chamber, ovules ortho- 
tropous to almost anatropous, attached by a broad base with 
a dorsal raphe. Fruit a schizocarp of two one-seeded .Samaras. 
Seed exendospermic, cotyledons flat, folded or rolled. 

Trees with opposite exstipulate leaves, generally palmatety 
lobed and veined. Inflorescence racemose. 

Genera two, with about 120 species in the northern hemi- 
sphere, chiefly north-temperate, or on mountains. 

Germination is epigeal; the green strap-shaped cotyledons 
oi Acer Psetido-plaianns (Sycamore) are familiar objects. A 
iSTorth American species, A, dasycarpum, is exceptional in 
having hypogeal cotyledons. Owing to the regular develop- 
ment of the buds in the axils of each pair of leaves young 
Sycamores shew" for some time a very regular branching.* 

The leaves are generally simple and palminerved; different 
species of Acer shew an interesting series from a simple to a 
compound form. In the Himalayan A. oblongmn they are 
■simple and entire; in certain east Asiatic species the margin 
is serrate; A. monspessulanum ebnd others have a trilobed 
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blade ; while ill most of the species, as the Gommoii Maple 
(J. caM|ie 5 ^re) and Sycamore, the . two lateral lobes branch 
again, forming a five dobed blade. In the widely cultivated 
.4. pahnatum (Japan) and its allies' the brancliiiig is carried 
further and the leaves are generally eleven -lobed. A few 
species from China and Japan are trifoliolate, while the vsectioii 
Negundo (American), often separated as a distinct genus, has 
imparipinnate compound leaves (with three to five leaflets) 
as also has the second genus Dipteronia, 



Pig. 147. Acer Pseudo-plaimius. A. Vertical section of flower, enlarged. B. Fruit, 
C. Embryo, enlarged. (After Le Maout and Becaisne.) Aescuhis Hvppo- 
casta/mim. B. Diagram of a three-flowered cyme. The arrow indicates the 
plane of symmetry. E. Flower (inverted in comparison with B). F. Pistil 
cut vertically, enlarged. (B after Eicliler ; E, F after Le Maont and Decaisne. ) 

The leaves are plicate in the bud and protected by scale- 
leaves which consist of the broadened leaf -base, the upper 
portion being undeveloped. This relation can often be traced 
by observing the transitional forms between scales and 
foliage-leaves as the bud opens in spring. 

The inflorescence is generally terminal on a short leafy 
shoot; the main axis ends' in a flower. It is a panicle, as in 
A', Pseudo-platanuSf which is' sometiiiies corymbose in form. 
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or by sliorteiiing of the main axis- becomes iimbellatej or a 
simple raceme (female plants of A. Negivndo)^ a spike (the 
Cliinese ^4. Henryi) or an umbel {A, japonimim). 

In andro-moiioecioixs species the lower flowers of an in- 
florescence are male, the upper (younger) bisexual. The 
different forms of flowers may be derived from the formula 
S5, P5, A5 -f 5, G(2). 

Rarefy, as in the North American A. grandidentaf/tim and 
the Japanese A. carpinifolium, the petals are suppressed; in 
the commonly cultivated A. dasycarpmn, apetaly is sometimes 
incomplete. A. rubmm and others are haplostemonous from 
suppression of the inner whorl of stamens. Usually the two 
median stamens are suppressed, leaving eight in all. The 
filaments are free and inserted within or upon the fleshy disc 
(fig. 147, A). Pleiomery occurs occasionally in all the whorls, 
but is most common in the gynoecium; three carpels are 
often found, especially in the terminal flower, while four- to 
eight-carpellary fruits sometimes occur. 

The tendency to a separation of the sexes is general. The 
most common forms are andro-monoecism and -dioecism 
through a reduction of the ovary in the earlier flowers. 
A, Negundo and its allies are dioecious; the inflorescence is 
umbellate in male, a simple raceme in female plants. Pollina- 
tion is effected by insects, wdth either long or short probosces, 
which suck the nectar copiously secreted on the disc. Un- 
doubted hybrids occur; one betw^een A, monspesstdamm and 
A. campestre growdng wild in Herzegovina. Each carpel forms 
in the fruit a dry one-seeded winged pericarp (samara). In 
Dipteronia the wdng surrounds the seed, in Acer it is one-sided. 
The embryo is more or less bent, folded or rolled, the coty- 
ledons often being much coiled. The manner of folding and 
position of the embryo vary in different species ; sometimes 
the backs, sometimes the edges of the cotyledons face the 
placenta, while the tips may be in the centre of the coil or 
on the outside. , 

The single species of Dipteronia occurs in Central China. The 
species of Acer are mountain- and hill-loving plants of the northern 
hemisphere. In the Himalayas they ascend to 8000 to 10,000 feet. 
The greatest number of species inhabit an area stretching from 
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:tlie :Eastpm,, to Central China., Japan, is also rich in 

species, xl./tiiyewm is found in Assam, Java and Sumatra. The 
■Western Himalayas have fewer representatives than the Eastern 
and these are related to thoseof the Mediterranean region, where the 
centre of distribution lies in the east, the Balkan peiiinsiila and the 
f orest region of the W estem Caucasus being richest . Six species pass 
into Central Europe, and three of these, A.campestre, A.platanoides 
and A. PsendO'-jdMamiSyVesbch high latitudes, the second occurring 
at 61^ to 62"' North in Scandinavia, A. cmnpestre, . native in 
England in thickets and hedgerows, is a small tree. A. Pseudo- 
idatanus, exteiisivel 3 v planted in Great Britain, is a native of 
Central Europe and West Asia. In the New World Maples are 
found from South Canada and Oregon to Mexico, chiefly in the 
mountain ranges ; the species on the Atlantic are distinct from 
those on the Pacific side. Leaves shewing the characteristic form 
and nervation, as well as flowers and fruits ciosehr allied to those 
of recent species, are very frequent in Tertiary strata. Fossil 
Maples are found throughout the whole Arctic region and from 
their circumpolar distribution in the Oligocene, and the relation 
of the species to those inhabiting Europe and North i\.merica at 
successive periods, Pax concludes that the genus is of i\.rctic 
origin. Travelling southward, it -was much more generally" dis- 
tributed during Tertiary times than at the present day. 

Maples are useful timber-trees, the wood being hard and clurable 
and taking a high polish. Sugar occurs in the cortex of niaiw 
species; in the North American Sugar Maples (A. and 

others) in sufficient quantitj^ to make it worth extracting. 
A. dasycarpufn, Negmido, plafmioides and the Sycamore are widely 
planted as ornamental trees. 

Family IV. ■ HIPPOCASTANACE AE 

A small family nearly allied to the Aceraceae but dis- 
tinguished by the irregular obliqiiety zj^gomorpliic flowers 
and tricarpellary ovary. It contains two genera with 18 species 
distributed through the north temperate zone, but cMeflj' 
American. They are trees with opposite exstipulate digitately 
compound' stalked, leaves. The large . winter-buds of the 
Horse-chestnut, covered with resinous scale-leaves, contain 
the 3 ^ouiig shoot wdth its terminal inflorescence in an ad- 
, vanced eonditioii - and open very rapidly in the spring. . The 
bud-scales,.; as. in The; Maples, - are, the equivalent of the leaf- 
base. The large pyramidal inflorescence is a mixed one con- 
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sisting of a number of scorpioid cymes .arranged in a panicle ; 
it is known as a fhjrsus. The plan of a single cyme and its 
flowers is shewn in the diagram {fig. 147, D). 

Only one of each pair of bracteoles is developed, and sub- 
tends the next flower. The floral formula is S5, P5, A8 - 5, 
Gr (3). The sepals are united (free in two species forming the 
second gemis Billia) and form a regular or irregular calyx wntii 
imbricate aestivation. The two upper petals differ in shape and 
colour from the three lower, the middle one of which is often 
absent. The stamens arehypogynous andinserted inside a disc 
which is often one-sided. The variation in the number of 
stamens results from the loss of two or more of the members of 
the episepalous whorl. One of the three carpels lies anteriorly 
in the plane of symmetry. Each of the three ovary-chambers 
contains two ovules, both with two integuments; the lower 
ovule is descending with a dorsal raphe, the upper ascending 
with a ventral raphe (fig. 147, E), or horizontal. The flowers 
are andro-nionoecious, the male flowers, in w^hich a rudi- 
mentary ovary is present, often open first. Generally some 
of the bisexual flowers are biologically female from, the 
premature dropping of the anthers. The bisexual flowers 
are proterogynous ; in the first stage the stamens are bent 
sharply downwards while the style projects in a long ascending 
curve, in the second, or male stage, the stamens rise almost 
to a horizontal position. Nectar is secreted on the disc and 
the petals are large and conspicuous. In the Horse-chestnut 
the upper petals bear yellow spots at the base which become 
red after dehiscence of the anthers. Humble-bees play the 
chief part in the transport of pollen. Generally only one 
ovule in the ovary develops into a seed, two out of the three 
ovary-chambers becoming crushed by the considerable growth 
of the one containing the very large seed. The ripe fruit is 
a leathery capsule, spiny or smooth according to the species, 
and opening loculicidally by three valves. The seed is large, 
roundish, with a smooth shiny leathery testa,, .and a large 
pale-coloured hilum. A curved embryo occupies the whole 
interior ; the large thick cotyledons are inseparable (coii- 
ferrumiiiate), and the radicle lies. ill a, fold of the. testa. 

: The species are scattered over the north-temperate zone;' North 
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'.America is, til©' richest region. Aesmlus HipjiocaMmmm (Horse- 
chestnut) is the only European representative at the present day, 
growing wiki in the moimtains of Northern Greece and Albania. 
In earlier times it was more widely distributed; fossil seeds are 
recorded from the upper Pliocene at Frankfort-on-the-Maiii, and 
seeds and leaves of other species have been described from various 
parts of Central Europe. The tree was introduced into cultivation 
ill Vienna by Cliisius in 1576 and was first planted in England 
early in the next century. 

Of the other species, seven inhabit the United States of North 
America, different ones occurring on the Atlantic and Pacific 
sides, one only reaches as far north as Canada; two species occur 
in the Himalayas, two in Japan and one in Northern China. Two 
species, comprising the genus Billia, grow, the one in the mountains 
of Mexico, the other in Guatemala, New Granada and Venezuela. 

Many hybrids occur in cultivation; the red Horse-chestnut, 
A. carnea, is a hybrid between A. Hippocastamim and A. Pavia, 
The Horse-chestnut and several North American species {A . glabra 
with yellow, and A, Pavia with red flow^ers) are -well known orna- 
mental trees. The seeds are used as fodder, and the oil contained 
in them w'-as formerly a specific for gout and rheumatism. The 
roots contain saponin and those of several American species are 
crushed and used in washing woollen stuffs. 


Family POLYGALACEAE 
(0/ doubtful position) 

A small family represented in Britain by a few species of 
Polygala (Milliwort), and variously placed by different 
systematists. In the arrangement of Bentham and Hooker 
it is placed between the cohorts Parietales (Papaveraceae, 
Cruciferae, Eesedaceae, etc.) and Caryophyllinae; Warming 
places it in the series Sapindales after Aceraceae, wdiile in 
Engler’s system it appears among the Geraniales. An ex- 
planation of these various vieW'S on the systematic position is 
supplied by Chodat^, the most recent exponent of the family, 
who describes it as “a very natural family, not closely allied 
with any others.” 

The. plants are herbs, .shrubs or . small . trees with .simple 
entire alternate,, , opposite " or ■ whorled leaves, which are 
FfianzenfamMen^ lily 4z, 
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generally exstipulate. The flowers are borne in racemes, 
spikes or panicles, and both bracts and braoteoles are present. 

The floral structure supplies well-marked characters. The 
flower is medianly zygomorphic with five generally free sepals 
of which the inner are often (as in Milkwort) large and petaloid 
like the wungs of the flower of Papilionateae. There are 
typically five petals, but only three, the tw'o upper and the 



“Fig. 148. Polygala. A. Floral diagram of P. vulgaris. B. Flower of P. amara^ x 10. 
C. Corolla and androecinm of same spread oj)en, x 10. B. P. Ohamaebuxus. 
Pollen-grain, highly magnified. E^H. P. amara. E. Pistil shewing ovary in 
vertical section, x 10. F. Fruit vdth persistent calyx, x 10. G. Frnit in vertical 
section, X 10. H. Seed, x 15. «, aril; Z, lateral, m, median petal; 3, staminal 
tube; w, wing-sepal. (A, B after Chodat; others after Berg and Schmidt.) 

lower median, are usually present; the latter forms a keel 
and often bears a dorsal fimbriated appendage. The petals 
are generally more or less adnate with the staminal tube, 
which is open at the back and formed by the union of the 
filaments of eight stamens. The androecium is derived from 
twopentameroiis whorls by suppression of the median member 
ill each. Reduction is sometimes carried further and seven, 
five, four or three stamens only occur. The pistil consists of 
two median carpels forming a bilocular ovary, each chamber 
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': coD.taimng ' a pencta^ ovale. Tlie style and 

stigma shew very great variety in form, and afford good 
'diagnostic characters. According to Chodat, the stigmas 
appear to be adapted for self-pollination, forming a pocket 
into -which the anthers directly open; where the , pocket 
is absent the anthers attach themselves direetty to the 
stigmatic papillae. But this does not imply the exclusion of 
cross-pollination which often results from the visits of bees 
and other insects. 

The form of the pollen-grain is very characteristic and 
affords ‘'the surest mark of distinction of the family'^ 
(Chodat). The grains are ellipsoidal with a coarse pitting 
at the poles, and longitudinal bands, broken in the middle 
by an equatorial ring. The fruit is general^ a capsule 
dehiscing loculicidally into two one-seeded portions. Endo- 
sperm is present or absent: differences occurring even in the 
same genus. The seed-coat often bears a micropylar aril 
(caruncle) which in species of Polygala functions as an elaio- 
some and the seeds are myrmecochorous. 

The family contains about 10 genera with about 680 species, of 
which 450 belong to Polygala. It has a veiy wide distribution, 
occurring in all parts of the world except New Zealand, Polynesia, 
and the Arctic provinces of North America and Asia. It is repre- 
sented in Britain by a few species of Poly gala : the common P. vul- 
garis is a small wiry perennial found in heaths and meadows, with 
white, pink, blue or purplish flowers; P. calcar ea is closely allied to 
the former and grows on dry calcareous slopes in the South-east of 
England. Poly gala senega (North x4merica) yields the officinal Radix 
Senegae, The members of the widely distributed tropical genus 
Securidaca are mainly Hanes, The genus Epirrhizmitkes (two species 
in Malaya) consists of small chlorophyll-free saprophytic plants 
with scale-like leaves and dense terminal spikes of flowers. 

The genus Xanthophyllum, with about 40 species extending 
from India to North Australia, comprises trees sometimes reaching 
50 ieet in .height. 

Order 12. -GELA8TRALES 

Flowers bisexual or unisexual by abortion, regular, hypo- 
gynous, cyclic, usually 4- -.or 5-merous, with one whorl of 
stamens, and generally reduction in the gyiioecium. The 
petals are free or sometimes. united at the' base,. The stamens 
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alternate with the petals, and are generally associated with 
a disc. The ovary is superior and multilocular, and contains 
ill each chamber one or more ovules with upwardlj^ directed 
micropyle and dorsal raphe, or with micropyle directed down- 
wards and ventral raphe. The embryo is generally surrounded 
by fleshy endosperm. 

Generally woody plants with simple leaves and small green 
or whitish flowers. The order is closely related to the Sapin- 
dales in which it is included by Engler as a subdivision 
characterised by the regular flower, with stamens generally 
equal in number to the petals. The frequent occurrence of 
tetramery and a tendency to union of the petals is to be noted. 

Family I. CELASTRACEAE 

Contains about 45 genera and 450 species generally distributed 
except in the colder regions of the earth. The members are chiefly 
trees or shrubs with simple, membranous or leathery, opposite 
or alternate leaves, and generally a cymose inflorescence of small 
greenish or white flowers. The flowers are regular and bisexual or 
become unisexual by abortion; they conform to the formula 
S4--5, P4~-5, A4~5, G{2-5). The sepals are small, free or united 
at the base, inferior and generally persistent. The petals are 
generally free and inserted below a well-marked disc which assumes 
very different forms. The stamens, which alternate with the petals, 
are free and situated upon or on the edge of, or beneath, the disc. 
The carpels form a two- to five-celled ovary situated upon the disc 
or surrounded by, or more or less sunk within it; each chamher 
contains generally two erect anatropous ovules, more rarely are 
they pendulous. The short style ends in a capitate, often lobed 
stigma. The fruit is various, forming a locuiieidally dehiscing 
capsule, an indehisceiit dry fruit, a dru]3e or a berry, The seeds 
are erect, more or less completely enveloped in a large brightly- 
coloiired aril, and contain an embryo wdth large green cotyledons 
generally embedded in a fleshy endosperm, or, rarely, filling the 
seed. 

Nectar is secreted on the disc and pollination is effected in the 
European species of Eiionymus by the visits of flies, or 

sometimes by small Hymenoptera or ants, 

\ Euonynvus europaea (Spindle-tree) is the only British repre- 
sentative ; its crimson loculicidal capsule, exposing orange-coloured 
arils, renders it a conspicuous and beautiful object when in fruit. 
E , japonic'us is a commonly growm hardy evergreen. 
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The genus contains about 60 species occurring chiefly in India, the 
Himalayas and Eastern Asia, a few in the Smida Islands, and in the 
Philippines, one in Australia, about four in Central America and 
the same number in North America and in Eui'ope. A few species 
of Euonymm are lianes; the genm' Gelastrus, which is chiefly 
developed in, the mountains of India and China, extending to 
Japan, Malaya and Australia, with one species, 6*. scandens, in 
North America, consists inauily of woody twiners. The leaves of 
Catha edulis (Arabia and East Africa) are used as a sedative 
when dried. 
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Fig, 149. Euonpmis europaeus. A. Flower, x 4, B. Vei4icai section throiigh the 
ovary and floral axis, x^; d, disc. C. Fruit shewing dehiscence, nat size; 
(If aril; s, seed. I). Seed cut lengthwise, x 4; u, aril; s, testa; c, endosperm. 
(A, B after Loesener,) 

The small family (II) Staphyleaceae is distinguished by its 
compound generally ' imparipimiate leaves. ' contains 

eleven species distributed through the north temperate zone; several 
are knovm ill cultivation. 

' AQUIFOLIACEAE ' ' 

; A small, family „of three genera and '287 '.species, almost .wholly 
included in the genus The plants are shrubs or trees having 
alternate simpl© leathery leaves with minute stipules. The in- 
florescence is a 'few-flowered .axillary , cyme. ' The small, , regular 
flowers are bisexual or unisexual through abortion (the plants 
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being dioecious) and 3- to 6-merous. The Holly {Ilex Aquifolkmi} 
and many other species conform to the formuia S4, P4, A4, G(4). 
The sepals are small, hjrpogynoiis and often persistent; the 
iiiconspiciioiis petals are free or connate at the base, hypogyiious 
and deciduous. There is no disc ; the stamens are equal in number 
and alternate with the petals, to the extreme base of which they 
are attached. A rudimentary xhstil occurs in the male flowers and 
staminodes with the form of stamens but with barren anthers in 
the female flowers. The ovary is superior, globular or ovoid in 



Fig. 150. Ilex 'nit id a Maxim. A. Portion of flowering branch, x |. B. Flower- 
bud, X 5. C. Flower, x 5. D. OFary in vertical section, x 5. E. Pyrene, 
x4. (From F/or. Jam.) 

form, often four-celled, with one or two pendulous anatropous 
ovules springing from the inner angle of each chamber. The style 
is absent or short; the stigma lobed or capitate. The fruit is a 
drupe with of t er four stones (pyrenes). The embryo is very small 
at the top of a ‘^V pious fleshy endosperm, and has the radicle 
pointing upwmrds. "t,.. 

Our only British species is the Holly which grows wild from 
southern Norway to central Turkey, and from England through 
Central Europe to the Caucasus and northern Persia. The chief 
centre of distribution of thco^enus is in Central and South America ; 
Asia has about half as many> jiecies ; Africa, Australia and Europe 

'■ \ ^ '' 20-^2 
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a few, only. Tlie. leaves and small twigs: of the South Aoieiican 
Ilex paraguctrie^isis are the source of, Paraguay tea or Mate. 

The family contains also two other genera closely allied to Ilex 
—NemopantheSi - with one species in , the mount aii, is of eastern 
No,rth, America, distinguished from Ilex by lia,\iiig linear petals 
free from each other and from the stamens, and FhelUne, dis- 
tinguished by the valvate aestivation of the corolla and the lobed 
fruit, with several species ill' JSlew Caledonia. 

■ Family IVA EMPETRACEAE 

A small family of doubtful. , affinity coiitaiiiiiig a few species in 
frigid and temperate zones. The plants are small lieatli-like shrubs 
,with. linear strongly .revolute exstipulate leaves aii,d small uni- 
sexual 'regular flowers .in' few-flowered heads.. The floivers have 
generally .rudiments of the aborted stamens or pistil. They are 
trimerous or dimerons, sepals,. petals and free stamens alternating 
regularly. There is no .disc. The pistil consists of a, two-, tiiree- 
or six- to nine-chamhered superior ovary, bearing a short style 
with as many .branches; each' chamber contains a. single ovule 
; borne erect on the central 'plac.enta with a ventral raphe and a 
single integument. The fruit is a drupe with the same number of 
stones as .carpels . The embryo lies in the axis of a fleshy endosperm . 

Empetrmn nigrum (Cro wherry) has a circumpolar diKstribution, 
ill Arctic and subarctic regions, and occurs on the high moors of 
Central Europe and Siberia and in the. mount ains of the north 
temperate zone. Closely allied species occur in the Andes of Chile, 
and in Antarctic America and Tristan d'Aciinha. 

, , The structure of the leaves, '.which. have a well-de'veloped cuticle 
on the upper outer face while the stomata are , coiitainecl in the 
:deep groove lined with hairs formed by the rolled-back margins, 
is well adapted to xeropliy tic conditions, 

: ' Order 13. ' EHAMNALES . 

Flowers as in Celastrales biit with a marked tendency to 
unisexuality by ■ abortion, and 'to. perigyiiy or epigyny. The 
single whorl of stamens' is ' antepetaloii^ Petals small some- 
. tiHi,es united at the, base or above, soiiietiniies absent. Tntra- 
stamiiial disc well-developed. Carpels fjve to two (rarely 
more), united, ovary witli"as many chaiptbers, each containing 
one to two ascending ovules with a d'or sal, lateral or ventral 
raphe .and two,; integuments. filling the seed . or 

surrounded. by endosp.erm, - 
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Shrubs or trees, often lianes, with simple or pahiiately 
compound leaves, and small inconspicuous flowers. 

Probably a parallel series with the Celastrales. Each may 
be regarded as derived from some diplostemonous type 
resembling the Rntales, the antepetaloiis or antesepalous 
whorl having disappeared. 

Family I. RHAMNACEAE 

Contains about 45 genera with 500 species, and occurs in 
all parts of the world in which climatic conditions allow of the 
growth of woody plants. Bhamnus, two species of which are 
the representatives of the family in the British flora, is the 
most widely distributed genus. It includes 100 species and 
has its chief centre of development in Europe and extratropicai 
Asia, is sparsely represented in Africa beyond the Mediter- 
ranean region and is wanting in Australia and Polynesia. 
Zizyphus (40 species) is chiefly Indo-Malayan, but spreads 
into the Mediterranean region, Africa, Australia and tropical 
America; the stipules are often thorny as in Z. Spina-Ghristi; 
the fruits are often edible — Z. Lotus, a Mediterranean species, 
has the credit of being the Lotus plant of the ancients — ^while 
those of Z, vulgaris occur in commerce as Spanish or French 
jujubes. Gouania has 30-40 species distributed throughout 
the tropics of both hemispheres. Most of the other genera are 
confined to limited areas. 

The plants are shrubs or trees, often spiny and sometimes 
climbing. The leaves are simple, with small stipules. The 
flowers are small and inconspicuous, generally in cymes. They 
are bisexual (or sometimes unisexual by abortion as in Buck- 
thorn), regular with a pentamerous (more rarely tetramerous) 
calyx, cG|?olla, and androecium,the stamens being opposite to, 
and usualiy^enclosed by, the small concave petals, which are, 
however, sometimes absent. The flowers are perigynous or 
epigynoiis, and there is generally a well-developed intra- 
stamiiial disc. The carpels form a three- (sometimes two- or 
one-) celled ovary which is superior or inferior according to 
its freedom from, or union with, the receptacular cup. Each 
chamber contains one erect basal anatropous ovule with two 
integuments. Entomophiloiis pollination is indicated by the 
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disc on wMch nectar is secreted. Hymenoptera and Diptera 
have been notedas visitors to i?/«xwift8<s Frantjula and Paliiirus 
aculeatus, which are proterandrous. 

The frnit assumes various forms, the periearjj ]>eing adapted 
in different ways to faeilitatmg distribution of tlie seed. 
Nearly all the genera fall under one of the following types. 
In Blmmnm and many other genera the fruit is a drupe with 
two to four stones. In others it is dry and separates elastically 
into mericarps, thereby flmging out the seeds. Or wind may 



Fig. 151. Miammis cathariicus, A. Male flower in vertical sectioEj x 5. B. Female 
flower in vertical section, x6. C. Fruit, x2|. D. B'ruit cut across, shewing 
the one-seeded stones. (A, B, C after Weberbauer; I) after Wettstein.) 

he the agent of dispersal, the indehiscent pericarp forming a 
large vertical or horizontal (Paliunis) wing, or splitting into 
several wmged mericarps. The large straight embryo consists 
chiefly of the two flat or concave greenish cotyledons, the 
radicle and plumule being small. It may occupy the whole 
interior of the seed but is usually surrounded by a thin layer 
of endosperm. An aril is occasionally present but only in the 
monotypic Australian and Polynesian ger.iuB AlpMtonia is it 
large and brightly coloured. . 

Of our two British species, (Buckthorn) 

grows from Westmorland southward, 'Shiefiy on chalk; it occurs 
through the north temperate zone of Old World and in North 
Africa. B. Fmkgula has a similar distribution but grows wild in 
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■Scotland; the wood yields a fine charcoal and is known by gun- 
powder-makers as Dogwood, 

The tribe Golletieae, a group mainly of extratropical Sontli 
American genera, are shrubs with branches reduced to stiff , often 
flattened spines, and small leaves which often fail early. Species 
of the North American genus Ceanothus are grown as ornainentai 
plants; the small long-stalked flowers are crowded in dense com- 
pound inflorescences, the colour generally extending to the calyx 
and stalk. 

Family 11. VITACEAE 

A generally distributed mainly tropical and subtropical 
family containing 11 genera and about 500 specicvs, more 
than 300 of which belong to the widely distributed tropical 
and subtropical genus Cissus. We have no British represen- 
tative, but Vitis vmifera (Vine), Parthenocissiis qumquefoUa 
(Virginia creeper) and P. Veitchii (Ampelopsis) are well known 
in cultivation. The plants are tendril-climbing (rarely erect) 
shrubs closely allied to Rhamnaceae, having a similar floral 
structure, iiamel}?- four to five sepals, petals and stamens, 
the stamens being antepetalous, and a generally bicarpellary 
ovary seated on, or more or less sunken in, a well-marked 
disc. It is, however, distinguished by the climbing habit, 
which is rare in Rhamnaceae, by the berried fruit, and seeds 
with copious endosperm and small embryo. The flowers are 
hypogynous or slightly perigynous, but never epigynous. 

The leaves are scattered and stipulate, sometimes palmi- 
iierved, palmilobed or palmately compound, but shewing 
great variety. The tendrils appear opposite the leaves, and 
are apparently extra-axillary. Recent comparative study by 
Max Brandt^ in several genera confirms the view expressed 
by Eichler that the tendril represents the main, axis which 
has been pushed aside by the stronger growth of the branch 
borne in the axil of the opposed leaf. The stem of the plant 
is therefore a synnpodium. The inflorescence occupies the 
■ same positiGn as the tendril (fig. 152, A) and structures w^ich 
are partly flower-bearing and partly tendril occur ; they may 
develop into leafy branches. The tendrils become attached by 

^ Brandt, Max, “Untersucliungen iiber den Sprossaufbav der Vitaceen,” 
Bugler’s .Sot /aW. xLV, 509-563 (1911), 
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coiling or by the development of cushion-like adhesive discs 
as in the so-called Feifc/m,” a favourite wall- 

climber. 

The small greenish flowers are borne in compound diehasial 
inflorescences, or in panicles passing in the ultimate branches 
into dichasia. In PterisantJies (south tropical Asia) the 



Fig. 152. Cissits microcarpa. A. Leaf and inflorescence, x f. B. Flower bud, x 4. 
C. Flower, x5. B. Flower wdth petals removed in vertical section, x 11. 
E. Ovary cut across, x 11. P. Fruit, x 2. G. Same cut lengthwise shewing 
seed with ruminated endosperm and small basal embryo. ( From Flor. Ja m. ) 

inflorescence axis or its branches are flat and ribbon-like, 
bearing the generally stalked male flowers on the edges and 
the bisexual, or apparently bisexual, flowers sunk on both 
faces. The calyx is usually only very slightly developed, often 
forming merely a ring round the base of the corolla. The 
petals often fall off like a cap when the flower opens. There 
is no trace of an antesepalous -whorl of stamens. The stamens 
are free,.'-. except m,Leea, where' they are joined- at the. base to 
form a tube which is united to the base of the corolla. The 
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anthers are introrse. Inside the ' androeciiim is- a well- 
developed glandular disc, varjnng in form in different groups 
of species, which the pistil is more or less surrounded. 
The two carpels (three to eight in Leea) are joined and contain 
as many chambers, in each of which are generally two 
collateral anatropoiis ovules (rarely only one) ascending from 
the base of the chamber, with a ventral raphe and a downiward 
pointing micropAde. The short or long style bears generally 
a small stigma. 

The wild species of Fztis are potygamo-dioecious, that is, 
one plant bears flowers which are functionally male only, 
another flowers which are functionally female only. In many 
of the cultivated forms the male flowers are also fertile. 
According to Rathay, the glandular disc in Vitis vinijera 
secretes little or no nectar and is merely a scent-organ, and 
Loew considers that this species is derived from eiitomo- 
philoiis ancestors but has gradually, with progressing gyno- 
and andro-dioecious differentiation, become more and more 
aneinophilous. In many other members of the family ento- 
mophily is certainly prevalent ; for instance, in many species 
of Cissus a large amount of nectar is secreted on the disc. 

The fruit is very uniform, forming a more or less Juicj^' berry 
eontainiiig one to four (in Leea to six) seeds with a strong 
or criistaceoiis coat. They are well adapted for distribution 
by birds which eat the fruit and drop the seeds undamaged. 
The endosperm, which contains oil and is generally ruminate, 
surrounds the small axile embryo. 

The species are mainly found in damp, hot situations especially 
as Hanes in primary forest. They occur, however, at considerable 
altitudes on tropical mountains, as in the Himalayas. In Africa 
and also in the South American pampas numerous species of 
Cissus form typical steppe- and desert-plants, the vegetative 
portions becoming more or less fleshy and serving as water-reser- 
voirs. In many the root is tuberous, in others the iiiteriiodes of 
the stem are fleshy and swollen, in others again the leaves. In 
many cases the fleshy stem is erect and bears no tendrils. A 
remarkable development occurs in the cactus-like lianes of the 
African steppes which are almost or quite leafless. The 30 species 
oi Vitis are temperate to subtropical in the northern hemisphere, 
chiefly American and East Asiatic. V , vinifera, the Grape-vine, is 
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Avild ill : tlie Mediterranean region, spreading eastward to the 
Caucasus and northward do ■ the ■ Rhine vaile^^, but Eiigler has 
recently shewn that it was formerly, in xirehistoric times, wild 
throughout the south of Europe and in part of Central Europe, 
The European cultivated Vine consists of numerous forms of 
F. vinifera. In the Eastern United States native species, chiefly 
F. Labmsca (Fox-gm-pe), have been cultivated and recently some 
of the American varieties have been introduced into Europe to 
serve as stocks for the better European varieties as they are more 
resistant to the attacks of the Phjdloxera. 

Dried currants are the dried fruit of a seedless variety of the 
grape-vine which is cultivated in various parts of Greece. They 
ivere originally brought from Corinth, whence their name. Raisins 
are the dried fruits of certain varieties, comparatively rich in 
sugar, w^hich grow principally in the w-arm climate of the Mediter- 
ranean coasts. 


Order 14. BOSALES 

Floivers bisexual, rarely unisexual by abortion, generally 
cyclic, regular to zygomorpMc, hypogynous to epigynous, 
usually pentainerous with frequent increase in the number 
of stamens and decrease in the number of carptfls. Sepals 
and petals generally free, stamens free or sometimes united. 
Carpels free or united, but styles generally free ; ovules 
numerous, more rarely few, generally anatropous and in- 
serted on the ventral suture or on thick inarginal or axile 
placentas; integuments two, sometimes single. Seeds large 
or small with or without endosperm. 

The floral axis is often more or less hollowed so that the 
insertion of the sepals, petals and stamens is perigynoiis ; 
epigyny may result from the union of the floral axis with the 
sunken ovaries. 

Plants of very different habit. Leaves simple or compound, 
with, or without stipiiles. 

A very natural group the families in which are connected 
■by transitional 'forms.' Two tendencies are noticeable, , the 
passage of ; the regular into the zygomorpMc flower and, of 
^the; hypogynous^intovthe; epigjmoiis flower. , The family, 
Podostem,onaceae, is remarkable for the striking adaptation 
of its vegetative organs to life in rapidly flowing water. 
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Family I. CRASSULACEAE 

Flowers bisexual, actiiiomorphic, generally 5-merous, but 
varying from 3- to 30-merous, Pistil isomerous with the 
calyx and corolla; carpels free or united below, generally 
bearing a scale-like glandular appendage at the base. Ovules 
generally numerous in two rows on the ventral suture, more 
rarely few or solitary. Fruit genei’ally of follicles. Seeds 
minute; endosperm much reduced or absent. 



Eig. 153. Sedum. A. Flower of S. spectablle. B. Floral diagram (after Eichler). 

C. Flower of 8. spectabile in vertical section. D. Fruit of *S'. altissiwvum. 

E. Seed of same. A, 0, D barely three times nat. size; E x 6. 

Herbs or small shrubs, generally with thick fleshy stems 
and leaves, adapted for life in dry, especially rocky places. 
.Leaves exstipulate, .a,lternate or wLorled, generally , simple 
and entire. Inflorescence cymose. A cosmopolitan faniily 
which finds its chief development in South Africa. 

Genera.. 15;; species, about 500. ■ 

Crassulaceae .are. .very closely allied to Saxifragaceae, the 
most distinctive . characters being the fleshy habit and the 
nectar-secreting appendages of the carpels, though even these 
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may fail. Many species oi Grassiila Mid. others have flat and 
only slightly fleshy leaves,' while Pentkamm (three species 
from N.E. Aineric China and ■Japan) with meinbranoiis' 
leaves and no carpellary appendages may be put in either 
family: Van Tieghein has regarded it as the type of a distinct 
"family, Penthoraceae. It has the characteristic isomeroiis pistil 
of Crassnlaceae,but this occurs exceptionally in Saxifragaceae. 

So deeply impressed has the fleshy habit become that it 
extends to the cotyledons, which appear above ground as a 
pair of succulent green leaves. The plants are generally 
perennial and shew marked adaptation for life in dry and 
exposed positions. The fleshy leaves are often reduced to a 
more or less cylindrical or subulate form as in species of 
Sedtmi (Stone-crop). In other cases they form closely crowded 
radical rosettes as in House-leek {Sem^^^ervunim). The bulk 
of the tissue is parenchymatous with a copious sap rich in 
calcium oxalate and free organic acids. Mechanical and 
conducting elements are poorly developed. Transpiration is 
also checked by the secretion of a la^^er of wmx on the 
epidermis giving a glaucous appearance to the plant, and hj 
sinking of the stomata below the general level. Most members 
of the family are rich in tannin, wiiich occurs generalty in 
the parenchymatous tissues, or more or less localised in spots 
characteristic of definite species. Means of vegetative pro- 
pagation are general. Many species spread by a creeping 
branched rhizome, the branches giving rise to new" individuals 
by death of the older parts. Others, such as House-leek, have 
a more specialised means, sending out runners (offsets) wdiich 
perish after producing a new terminal rosette of leaves; or 
bulbils may be formed. In Sedmn dasyphylhim, the formation 
of separating leaf -rosettes in place of flow^ers has been 
observed. In some cases small portions of the stem or leaves 
give rise to new?- plants by adventitious budding; as in Sryo- 
'phylhm, wheTe adventitious buds spring from the edge of 
the leaf and develop into new plantlets. 

■: The flow"ers ai*e generally arranged in cyrnose infl.orescences 
at the end;pf the leaf -shoot, .or in .lateral cymes.. They form 
dichasia with a tendency to pass .into diionochasia, or are 
purely monoehasiaL .Dichasia, and monochasia may be 
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arranged in racemes, corjnnbs, umbels or panicles. In Coty- 
ledon the flowers form terminal spikes or racemes, well seen in 
C., Umbilicus (Pemiy-cakes, Navelwort), with round peltate 
leaves, which grows on dry rocks and walls, especially on the 
west coasts of Great Britain. Both bracteoles of the flower are 
present, or the sterile one is less developed or suppressed, 
or both are absent. 

, The flowers are markedly ■ regular and . isomeroiis, tlioiigli 
the number of parts is very varied and not constant even in 
the same species, sometimes varying even on the same 
plant, wdiile in one and the ' same genus wide differences 
occur. Thus in Sempervivum the flowers are from 6- to 
30-meroiis. In Sedum the number -of parts varies from three 
to seven; of our British species, 8. Rhodiola has 4-nierous 
flowers, which are dioecious with petals smaller or wanting 
in the female ; in 8 . TelepJiium they are 5-meroiis, in 8 . reflexim 
often 6-merous. In Cotyledon the- number varies from five 
to six, m Crassiila from three to nine, in Mochea pentamery 
is constant, and in Bryopliyllim (fig. lo4) Mid. Kalmtdim 
tetraiiiery. The. sepals are generally free or nearly free, but 
are united almost to the tip ii\ Bryophyllum, T}ie petals are 
hypogynoiis or shortly perigynous,- and are free, or united 
only at the base, except in' a 'few genera such as Cotyledon, 
Kalanchoe and Bryophyllum where they- form a tube. 

In Crasstda and some species" of Cotyledon, there are five 
stamens alternating with the, petals. Often, hovuver, an 
inner antepetaloiis whorl is present as in most species of 
8edum mid Cotyledon (e.g. G. Umbilicus), In some species of 
/SmpertwM-m the inner whorl is sterile. ■ 

When the corolla is polypetalous the stamens are hypo-;’ 
gyiious or slightly perigynous, .in gamopetaloiis' flowers they": 
are situated on the corolla-tube (fig. 154, B), the aiitepetalous': 
slightly above the antesepalous. 'E'xcept in a Mexican' species ' 
of Cotyledon they are free. The carpels are free or sometimes 
united at the base ; the styles are free. The hypogynoiis scales, 
which correspond in number with the carpels and are regarded 
as appendages of these, generally function as b 

m Monmithes, a small genus in-the. Canary Islands ':'hiit ha^occo, 
'they are large .and. petaloid. 
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Proterandry prevails among the majority of the Crassulaceae. 
In fiat open flowers, such as Sedwm acre, a great variety of insects 
can reach the nectar; the number becomes more restricted where 
the flower is less open or where, as in Cotyledon and Bryo-phyllmn, 
the corolla is tubular. According to Delpino, the richly nectar- 
bearing >ia.ngii-ig flowers of B. ccdycimim are loollinated by the help 
of humming-birds. In the golden-yellow flowers of Sedum acre the 
five antesepalous stamens stand erect in the fully opened flower 
and shed their pollen, the antepetalous are bent outwards and 
closed while the stigmas are not mature. As the stamens of the 
outer whorl wither the antepetalous take their place in the 



Fia. 154. BrjppJiylhm ‘pinnakim. A. Inflorescence and leaf, B. Flower 
cut lengthwise, nat. size; sc, scale. C. Ovary cut across, x 3. D* Seed 
cut open shewing embryo, x 40; c, cotyledon: r, radicle. (After Flor. Jam.) 

centre and dehisce, and the full development of the stigmas soon 
follows. In simny weather, when plenty of insects are about, the 
pollen is removed before the stigmas are ready to be pollinated; 
l3Ut in dull weather, pollen remains on the anthers of the iiiiier 
whorl till the stigmas are ripe, so that self-pollination is possible. 
Ill Sedum chances of self-pollination are almost excluded 

by a still more marked proterandry, while other species are more 
or less pro terogynous. 

In the fruiting stage the follicles are often united at the 
base,^^g^^formmg a transition to the capsular fruit w^hieh 
witii"^ genera,- ■ The' minute seeds are .suited for wind- 



CRASS tJLACEAE 


319 


Crassiilaceae are' almost entirely" absent from Australia and 
Polynesia, and but few occur in South America.; otherwise they 
are ver}^ generally distributed, Seduni, the largest genus, contains 
about 140 species in temperate and cold parts of the northern 
heiiiisphere, chiefly in the Old World; one species occurs in the 
Peruvian Andes. Grassula has 120 species chiefly at the Cape; 
the section Tillam with 20 species which is often separated as a 
distinct genus is, however, ubiquitous; to it belongs T. muscosa, 
of our British flora, a rare annual on sandy heaths. Cotyledon lias 
00 species in Africa (chiefly south), West and South Europe, 
temperate Asia as far as Jaxian, Mexico, and South America (a 
few species). Sempervivtim has about 50 species in the mountains 
of Central and South Europe, the Caucasus, the Himalayas, 
Abyssinia and the Canaries and Madeira; in the two latter it is 
especially developed. The common House-leek, S. tectorum, h 
a native of Central and southern Euroxie. Kalanchde (55 species) 
is especially a tropical African and Malagas3:^ genus, but spreads 
through the trojiics of the Old World and into South Africa. One 
species, K. brasiliensis, occurs in Brazil, but is also found in the 
East Indies and tropical Africa. Bryophyllmn is a small genus with 
a very wide range, two s]iecies are confined to Madagascar, one 
to the Cape, while a fourth, B, calycinum, occurs in the warmer 
parts of both the east and west hemispheres. Eochea is a small 
South African genus known in cultivation. Four genera contain 
one or a few species only in Turkestan, South Africa, Carolina and 
Sikkim respectively, and Penthomm three species inN.E. America, 
China and Japan. The family is represented in Britain by nine 
species of Sedum, Tillaea muscosa and aqucitica and Cotyledon 
Umb ilicus : the House-leek, Sempervivum tectorum, is not indigenous . 

Family II. SAXIFRAGACEAE 
Flowers bisexual, typically dichlamydeoiis, and actino- 
morphic. Floral receptacle polymorphic, shewing every 
degree between hypogyny and epigyny of the flower. General 
formula, S5, P5, A5 + 5 or 5 -4 0 , G (2). The swollen placentas 
bear several row^s of anatropoiis ovules which have sometimes 
only one integument. Fruit a capsule or berry. Seeds small 
with a copious endosperm surrounding a small embryo. 
Mostly herbs with alternate, more rarely opposite leaves, 
and generalty small or moderate-sized flowers in various in- 
florescences. . ■ . 

Genera. 74 ; species about 700. Cosmopolitan but having 
its greatest development in temperate regions. 
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; '■ The vegetative organs shew great variety , affording nothing 
which we can regard as strikingly characteristic of the family. 
The greater number of the species are perennial herbs ; such, 
for instance, as nearly all our native Saxifrages, species of 
Ghrysosplenium, and all the species of Pamassia; annuals 
are less frequent, as species of Saxifraga, Ch/rysosplenmm and 
others. )Several genera are shrubby, such as Pibes (Currant 
and Gooseberry), PMlacMphus (Mock Omiige)p Hydramjea 
and trees also occur. 

The leaves are of very various forms, and stipules may be 
present or absent in closely allied genera and even in the 
same genus. Similarly there are no widely characteristic 
anatomical features, though mvestigation shews minor points 
of interest. Thus all the species of Saxifraga are said to have 
a well-marked endodermis in the stem ; this is also present in 
Ghrysosplenium but absent in Astilbe, HeucJiera and others. 
It has been found also that in many cases sections of Saxi- 
fraga and allied genera which have been founded on differences 
in the structure of the flower and the form of the leaf also shew 
anatomical differences such as presence or absence of a ring of 
sclerenchyma. The form of the hairs is a help in distiiiguishing 
sections, genera and even subfamilies. The Escallonioideae, 
for instance, generally have one-celled hairs, the Saxifragoideae 
severahcelled. Water-pores, often exuding a chalk-secretion, 
occur on the edges of the leaves, especially in species of 
Saxifraga, Vegetative propagation is w^ell marked in certain 
Saxifrages; for instance, by production of bulbils in the leaf- 
axils as in S. bulbifera and others, or by long slender stolons 
as in S.flagellaris and S, sanneiitosa (the commonly cultivated 
pot-plant known as Mother-of -thousands) bearing small 
terminal; leaf -rosettes. In S. stellaris var. coniosa adventitious 
buds are developed in the inflorescence. 

' The inflorescence is very varied. In many genera, as Bibes 
and Escallonia, it is a raceme, the two braeteoles are generally' 
present and compound inflorescences arise by production of 
■branches iii„the axil of .one or both braeteoles. . The, lateral 
branches often develop as'dicliasiaTcymes, as,in Cliryso-. 
.^plenium, where ' the ■ same , arrangement holds throughout ; 
generally in the ultimate branchings : one bracteole .only of 
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each pair is fertile and moiiochasia are formed. In Parnassia 
the branching is monochasial from the first.' ■ The large 
spreading inflorescence in Hydrangea (fig. 155) is made up of 
dichasia with monochasial endings. In the small tropical 
American genus Pliyllonoma the cymose inflorescence springs 
from the upper surface of the leaf. In the great majority of 
the genera the flower is pentamerous withgenerally a reduction 
to two in the g^moecium. The two carpels are iiiediaii in: 
Rtbes (fig. 157)j Escallonia and others^ but more often obliciue^ 



Fig. 155. Hydrmigea hortensia. A. Plan of inflorescence: two of the lateral 
branches are elaborated and the right-hand one is sIicto in detail in B, 
The large sterile flower, 5, corresponds with a dicliasium (on the opposite 
side of the axis) the lateral branches of which are monochasial. The branch 
systems indicated by a black line in A arise in the axils of the upper pair 
of foliage-leaves and are united \\dth the main axis above their insertion. 
(After Eichler.) 

lying in the plane of the first-developed sepal (fig. 156); 
rarely are they lateral as in Ribes alpmiim, a species indigenous 
in the north of England. The androecium is obdiplostemonoiis 
{Saxifraga)y or there is a single whorl of stamens which 
alternate with the petals (Ribes) ; in Parnassia the outer 
whorl is represented by five large/ generally fringed, scales, 
Tetramery also occurs, but is rarer; Francoa has the flower 
tetramerous throughout, but the arrangement is not constant, 
peiitamery occasionally occurring in one and the same 
species. PMladelpMis (Mock Orange) has a tetramerous calyx, 
corolla and gyiioecium, but indefimite stamens; the pleio- 
iiiery 'of the androecium arises, according to Payer,', irom 
splitting of four rudiments' alternating wdth the petals. , 
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Instances of suppression are found in apetalous and uni- 
sexual flowers. The latter occur in AstUbe and are frequent 
at the periphery of the large inflorescence of Hydrangea and 
its allies. Ribes alpimm and allied species are dioecious. In 
Saxifraga sarmentosa the flowers become zygomorphio by 
increase in size of two adjacent petals. The position of the 
carpels relative to the other whorls varies with the shape of 
the thalamus and is not constant in the same genus. The 
carpels are sometimes free (species of Astilbe) though this is 
rarely the case, and generally when superior they are united 
below and free above. It is interesting to note the occurrence 
in a single genus, Saxifraga, of h 3 ^pogyny, perigynj- and 
epigyny. Its 300 species are divided into 15 sections^. Two 
of these, Hirculm and Robertsonia, are characterised b 3 ^ a 
flat thalamus ; the former is represented m our flora b 3 !’ the 


( 


Fig. 156. Saxifraga grannlala. A. Flower in vertical .section, enlarged (after 
Warming). B. Floral diagram (after Eichler); 1, the first developed sepal. 

rare S. Hirciilus, the latter by 8. iimbrosa (London Pride), 
8. Geum (south and west Ireland) and other closely allied 
species. Another section {Tfachyj^liyllum), to which belongs 
S. aizoides^duii alpine species (British), has the torus flat, cup- 
shaped or bowl-shaped. In the rest,, comprising by far the,, 
greater number of species, the receptacle is more or less 
.eoiica-ve and coherent with the ovaiy.' In Prancoa there. are. 
large outgrowths of the thalamus, functioning as nectaries, 
between the stamens, while in some sections of Saxifraga, and 
in Esmllonia, the inferior nvary' bears epig 5 uioiis discs which 
have a similar function., An ^ .Sifter' the small sepals mid petals' 
and the stamens; are borne 'on the edge of a ■ frequently 
^ Engler and imiiselier, m 
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petaloid prolongation of the receptacle above the top of the 
inferior ovary (fig. 157). 

Contrasting with this great variety in position of the ovary 
and adhesion of the carpels a very constant character is 
afforded by the generally swollen placentas bearing several 
rows of anatropous ovules. The position of the placenta is 
parietal or axile, differing often in nearly-allied genera, 
according as the edges of the carpellary leaves project less or 
more towards the centre of the ovary. Occasionally they are 
developed only at the base of the ovary-chamber, and in 
Escallonia are remarkable in hanging from the apex. 

Pollination is effected by the help of insects which are 
induced to visit the flowers for the nectar secreted on the 
thalamus or, in epigynous flowers, on the top of the ovary. 
In Parnassia the fimbriated staminodes bear a pair of flat 



Fig, 157. Mibes rubrmn. A. Floral diagram. B. Flower in vertical section, x 4. 

C. Seed in vertical section, much enlarged, (After Baiilon.) 

nectaries on the surface facing the ovary. The petals are 
mostly white, sometimes yellow or reddish, and are generally 
rendered more conspicuous by association of several or many 
flow^ers in the inflorescence. In Hydrangea and its allies the 
peripheral flowers of the head are large and sterile, while the 
fertile flowers are much less conspicuous; where, as in 
Chrysosplenmni (Golden Saxifrage), the petals are suppressed, 
the calyx is light-coloured. According to Engler, hoinogattiy 
or proterogyny are most common. Of the Saxifrages, however, 
three species are strikingly proterogynous, S, oppositifoUa and 
S. tridactylites (both British) are sometimes proterogynous, 
■sometimes proterandrous,. while the^ rest, so far as . the phe- 
nomenon has been studied, are proterandrous. Parnassia is 
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strikingly proterandrous. In Ribes, the Red and Black Currants 
(R. Tubmm dJidLR, nigrum) are homogamoiis, while Gooseberry 
(E. Grosstilaria) is proterandrous. 

Most of the ovules develop into seeds, and the fruit is a 
capsule. Some genera, however, produce berries, such as 
the Currant and Gooseberry, where the seeds have a succulent 
outer coat. The seeds are generally small with a copious 
endosperm surrounding a small embryo. 

Engler recognises seven subfamilies, the characters, geographical 
distribution and principal genera of which are as follows : 

I. Saxifeagoideae. Herbs; leaves generally alternate without 
stipules or with stipule-like outgrowths of the sheath. Calyx 
and corolla generally pentamerous, more rareB^ tetramerous. 
Pistil of two, more rarely three to four, carpels, ovary one- 
or two-celled, superior to inferior. About 30 genera with 
about 400 species distributed through the Arctic and north 
temperate zone, often alpine. In x\merica the}’ stretch down the 
western moniitain chain to the Andes, Sonthern Chile and Cape 
Horn. The small genus VafMa occurs in subtropical and tropical 
Africa and Asia, while Donatia has two species, one isolated on 
the mountains of New Zealand, the other occuiTing in South 
Chile and Fiiegia. Eremosyne is a monotypic genus from S.W. 
Australia. Saxifraga is by far the largest, having 300 species 
distributed over the mountains of the Arctic and north tem- 
perate zone, and found also in the Andes; fifteen species are 
British. Chrysosplemum has 40 species; its distribution is very 
similar to that of Saxifraga. Heiiciiera has about 25 species in 
North America and the mountains of Mexico. Parnassia has 
19 species in the extratropical regions of the northerii hemi- 
sphere, especially in mountain meadows. P. j^alustris (Grass of 
Parnassus) occurs in wet moors and bogs. The remaining genera 
are small and generally confined to limited areas. AsifiPie 
japonica is a common ornamental plant. The genus contains 
a few species in the Himalayas, Eastern Asia, and north-eastern 
North. America. 

The genus Parnassia, characterised by its conspicuous whorl 
of staniinodes and ovary with three to four parietal 
placentas, is somewhat anomalous in the subfamily. It 
has been inclnded in Droseraceae by some botanists and 
Lula Pace {Bot, Gaz. liv, p. 306) finds it more closely related 
with this family in the characters of ovule and embryo-sac 
, development., Diels, the monographer of Droseraceae in 
the Pflanzenreich, refuses to^ admit it,, in that family, and the 
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.position adopted here is that favoured by Benthaiii and 
Hooker {Genera Plantarum) and Engier {Pflanz&nfamilien). 

II. Erancooidbae. Perennial herbs with radical leaves and a 
scape with a racemose or spicate inflorescence. Flowers tetra- 
merous. Two small genera, Francoa and Tetilla, from the 
nioiintains of Chile. Francoa is cultivated. 

III. Hydrang-eoideae. Shrubs or trees with simple, generally 
opposite, exstipiilate leaves. Perianth generally pentanieroiis. 
Stamens generally epigjmous. . Ovary half -inferior or inferior, 
generally three- to five-celled. About 15 genera with about 
60 species chiefly in temperate North America and Eastern Asia. 
PhiladelpJms, Deiitzia and Hydra7igea the largest genera, 
and are all well known in cultivation. The rest are mostly 
monotypic. Philadelphus coro7iarius is the sweet-scented shrub 
knowm popularly as Syringa or Mock .Orange. 

IV. ' Pterostemokoideae.' Shrubs with alternate simple leaves 
with small stipules. Ovary inferior, five-ceiled, with a few 
ovules on the axile placenta. One genus {Pterostemm)' with 
two species from the highlands of Mexico. 

V. Escallonioideae. Generally shrubs, or trees, with simple, 

alternate, often leathery and glandular-toothed, exstipulate 
leaves. Stamens isomerous 'with the corolla. Ovary superior to 
inferior: ovules with a single integument. About 21 genera with 
about 100 species, half of which belong to Escallonia, a South 
American genus found chiefly on the Andes and,, mountains of 
Southern Brazil; E. rubra and E. macrantlm are cultivated as 
ornamental plants. The rest. are' small (often monotypic) genera* 
several have a restricted distribution in the southern heini- 
sphere.-, , , occurs in New- Granada and Mexico, 

Polyosma spreads from India to- tropical Australia, and Jim 
occurs in the warmer parts' of Eastern Asia and on. the Atlantic 
side of . North America. 

VI. Ribesioideae, Shrubs with ■simple, alternate, exstipulate 
leaves, and racemed hapiostemonous flowers. Ovary inferior, 

, oiie-celied,.. with\ two parietal placentas. Fruit a berry. One 
genus, Eibes, w'ith about 130 species in the north temperate 
zone, the mountains, of Central America and along the Ancles 
to the. Strait of Magellan. Four -are 'British— J?. Grossularia 
(Gooseberry), with .spinous branches and one- to three-flowered, 
peduncles, .native in : the north of. England, and, alpmum., 
E. rtibrumy and Mtmgriim, ^^ branches .not spinous and many- 

. flowered racemes, natives 'in parts ' of England and in Scotland. 
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R. mremn d^ridi E. smiguimum, natives of Kortli-west Aiiierica, 
are spring-flowering ornamental bushes. 

VII. Baiteroidbae. Shrixbs wflth opposite trifolioiate exstipin 
late leaves, and solitary axillar^^ flowers. Ovary half-inferior 
with two parietal placentas and numerous ovules. Fruit a 
lociilicidal capsule. One genus, Bmiera, with three species in 
New South Wales and Tasmania. 

These subfamilies are sometimes separated as distinct families. 
It is, however, more instructive to group ‘them together under 
Saxifragaceae, which thus aflords a good example of variation 
among groups ohviousl}^ very closely allied. 

AliiedtotheSaxifragaeeaeisthesmallfamily (III)CiTXoxiACEAE, 
which consists of woody plants with oj)posite or w^lioiied stipulate 
leaves, and small flowers crow^ded in heads or in racemose or pani- 
culate inflorescences. The flowers resemble those of Saxifragaceae 
but the ovules are arranged in twm series in each chamber of the 
bilocular ovar 3 A The 19 genera contain about 120 species, more 
than half of wiiich belong to Wemma7mia, and are almost confined 
to the southern hemisphere. 

Family IV. PITTOSPORACEAE 

A small family occurring in the w^armer parts of the Old World 
and specialty developed in Australia. It is closely allied to the 
subfamity'^ Escallonioideae of Saxifragaceae, froni wliich it is 
distinguished b}^ an anatomical character, the presence of schizo- 
genous resin-]3assages in the cortex. They are W'Ood^^ plants 
sometimes climbing, with alternate generalhr leathei;y exstipuiate 
leaves. The show^^ flow^ers are bisexual, generally regular, and 
conform to the formula So, Po, A5, G(2). The petals are sometimes 
connate below^ forming a more or less tubular corolla. The stamens 
are inserted below the ovary ; three to five carpels are sometimes 
present and the ovar^- is one- to several -chambered. The ovules 
are generally numerous and inserted in tw^o row^s on the parietal 
or axile placentas ; they are anatropoiis and have a single iiitegii- 
ment. The fruit is a capsule or a beriy. The small embryo is 
exceiitricall}^ placed in the copious hard endosperm. , PiUosporufB 
TohtVa and other species are grown as greenhouse plants. 

: Family V. PODOSTEMOMcEAE' 

; : A ; small fainily (22 genera, 100'species| of submerged herbs 
highly moclified /in association with their aqmatic habit. "..They are 
widely clistributed in the .Tropics,; growing .attached by special 
organs (haptera) to stones .or rocks in rapitdly flowing w^ater. 
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Tlie cliarE'Cteristic feature of the plants is the green dorsi ventral 
thallus-like structure, shewing, wonderful diversity in form, upon 
which leaf- and flower-bearing secondary shoots are developed. 
The iiiiiiiite seeds give rise on germination at the beginning of the 
rainy season to primary axes wdiich are rarel}" tall and floriferoiis, 
generaity more or less considerably reduced ; there is no priniaiy 
root; from the primary axis buds out endogenously the creejoing 
tiialhis which, with a few exceptions (e.g, Lawia), is of root-nature. 
In the simpler cases -the root-nature is obvious, as m TrisPicha, 
oi‘ (fig. 158, A), where it is a thin 

thread-like organ, endogenously branched, with its tip covered 
by an ordinary root-cap, but bearing acropetally developed endo- 
genous leafy shoots which reach a high degree of complexity; 
the structure of the vascular cjdinder is slightly dorsiventral l)iit 
otherwise not markedly different from that of an ordinary root. 
A similar thread-like thallus is characteristic of most of the 
Ainerican forms. In the India n Podostemon s ubiilatus the tlire^ad- 
like thallus is exogenously branched with a remarBible colien- 
chymatous root-cap ; the dorsiventrality is more marked and the 
secondar}^ shoots are smaller. Other Indian genera shew a re- 
iiiarkable series of forms (Willis (2)). In Dicraea (fig. 159, A) and 
(hiffitheUa they are flat and expanded, often wddely drifting and 
higid^y polymorphic, recalling in form the thallus of Fucus. and 
other brovni Algae which live under similar conditions of varying 
submergence and exposure. They are endogenously developed 
from the base of the hj^pocotyl of the seedling, but. are exo- 
genously ]3ranclied, markedly dorsiventral in external and internal 
stnictiire, and have a collenchymatous root-cap. In Hydro- 
hnjum (fig. 159, E) the thallus is branched and ribbon-like or deeply 
lobed like a liverwort, with scarcely any trace of root-character ; 
it is deATcloped from the base of the hypocotyl, sometiines endo" 
genousiy but often exogenously, and increases by marginal, not 
apical growth. This flattening and increase in importance of the 
tliaiius as an assimilatory organ is accompanied hy great reduction 
in the im|)ortance of the secondary shoots. In Tristicha tiiese 
are large and complex and ultimately bear many floW'Ors ; in 
a nd HyHohryum they are short, more or less prostrate 
though branched and. bear a , fo'w* flow^^ers, (fig. 159, E), wdiile in 
Dicraea and the other Indian genera mentioned, the secondary 
shoots are at first mere tufts of leaves endogenously formed in 
acropetal succession on. the ihallus (fig. 159, ,A), which towards, 
■„the fiowwiiig season, elongate and' bear a fe^v bracts, a spathe, and 
a terininal floww. 

'The leaves .are similar in structure on the primary, axis and the 
secondary shoots. In TrisPicha and allies they are small, entire and 
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very delicate, recalling the leaves of a moss ; in the Indian species of 
Podostemon %ey are simple and usually subulate or linear, generally 



Fig. 158. A. Podostemoji Ceratophyllmn, A shoot s, from A^'Iiieh springs a long 
creeping root, r, bearing new shoots above, /, and haptera below, Ji"; 
/, flower; X If. B. Mourera WeddelUmia. A creeping rhizome -like axis 
bearing large much-cut leaves and erect flowering shoots, the flowers being 
carried up above the spathes on long pedicels; x |-. 0. Flower of same, x 2i; 
p, perianth. (A after Warming; B after Baillom) 

very small, but m Mourera and other South American genera, they 
are often .very large and exhibit -forms like those of many niarin© 
Algae (fig. 158, B).' The- leaf-base". is' sHghtiy s,heatlimg in the 



rOBOSTEMOITACEAE 


329 


vegetative stage, but during development of the flower becomes 
iniicli enlarged, forming a sheathing' scaly bract while the tip falls 
away. The leaves are generally arranged in two rows on the 
secondary shoots ; the arrangement on the primary axis is more 
complex. 

The fixing organs (haptera) are generally formed exogenously 
from the surface tissues ot thallus or shoot and have a growing 
point rather like that of the roots. On reaching the suhstratiim 
they flatten out upon it. 

The internal structure consists of fairly uniforni parenchyma 
generally without intercellular siraces, often collenchymatoiis, 
especially in the neighbourhood of the scattered simple conducting 
bundles. In the latter the xylem is much reduced, the bast, on the 
other hand, contains broad sieve-tubes and companion-ceiis. The 
absence of intercellular spaces is explained by Goebel as correlated 
with the habitat in rapidly moving well-aerated water; large 
intercellular spaces to carry oxygen to lower portions in mud 
or stagnant water being unnecessary. In many species silica is 
secreted, often in considerable quantities, in the peripheral portions, 
and acts as a protection against drying up when the plants are 
exposed by fall in level of the w^ater. 

The very small bisexual flowers are borne in c^unose inflores- 
cences (fig. 158, B) or are solitary and terminal. In the most perfect 
form the flower is regular with a perianth of three to five free or more 
or less united leaves (fig. 159, B). In others the protecting perianth 
is replaced by a spathe and the perianth is represented by a ring of 
small scales (fig. 158, C). In these cases the flow^ers are, as in the 
former, entomophilous and carried on a long stalk above the w\ater- 
level. The hypog^mous stamens are in one or several wlioiis — with 
normal four-chambered introrse anthers — and there is a sym- 
metrical pistil of three or twm carpels united to form a three- or 
two-celled ovary, with as many free styles. From these forms 
can be traced a progressive series of reduction in the size and 
conspiciiousness of the flowers which then become dependent on 
the wind or on self-pollination. This is accompanied by dorsiventral 
development owi'iig to suppression of the perianth and the upper 
stamens. Finally in the Enpodostemoneae (Dicraea^ Hydrobryuni, 
Mniopsis, J^odo stem on and allied genera) the flow^ers are sinali 
and markedly dbrSveiitral, the ' perianthds absent or represented 
only by a pair of filiform structures at the sides of the androeciiim, 
w^hich is reduced to a single or forked stamen on the lower side of 
the flower, and the tw'O lobes of the bicarpellarv fruit are unequal 
{fig. 159, C,D,E). ,, 

The numerous anatropous ovules are borne on, a, stout axiie 
„ placenta , (fig. 159, B). The fruit is a capsule opening septifragally 
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containing generally very small seeds ; the outer layer of the seed- 
coat is mucilaginous. The seed contains an embryo with two 
thick cotyledons (fig. 159, F). 



Fig, 159. A. iJkram sfylosat numerous flowering shoots,/, are borne on the 
lower part of the branched ribbon-like thalliis, x B. Flower of Wcddeluta 
sqmmulosa in vertical section, x 5. C, JI?uopsis Saida nh ana, apejt'of sliobt 
bearing a flower, subtended by tw’o leaves, from the sheath of the upper leaf 
springs a lateral shoot, s; 6 , spathe; < 7 , the projecting styles; x 8 . T>. Flower 
of same after escaping from the sx^athe, x 8 . E. Hydrdyryiim of/i'mcemrh. 
The flat thallus bears short shoots with a few closely a.p|)ressed leaves and 
a terminal flower; the s|)athe opens laterally to release the stalked flower: 

1 , flow'er still enclosed in spathe ; 2 , flowers after escaping from the spathe ; 
3, fruit; 4, the smaller valve of the fruit has fallen and the seeds have been 
scattered; x 2|. F. Seed cut open shewing embryo, x 33. (A, G, D after 
Warming; B after Baillon.) 

The opening of the flowers ancl.. shedding of the seeds coincide 
with the fall of the^ wateiv.and\the .conseqiient. exposure of . the 
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plaiitytlie vegetative portions of wM'ch.may perish. The flower 
and fruit are typicaity those of a land plant, and the seed has no 
special adaptation, fo3: dissemination by ■water. The imicilagiiioiis 
character of the outer seed-coat favours distribution by the feet 
of w^adiiig birds to which the seed may cling. 

W. Magnus (3) has stiidie^l the embryology in five species, repre- 
senting as many genera, and fi.nds that, notwithstanding certain, 
striking differences, it has much in common with that of other 
Aiigiosperms . Shortly after fertilisation the embryo breaks through, 
the embryo-sac and Ijy means of a long suspensor passes into the 
iiiicellar cavity, and then sends out a large haustorial cell into the 
tissues of the fimicle and outer integument. This direct feeding 
of the embryo probabi 3 ?' accounts for the rapid ripening of the 
seed. 

Widely differing views have been held as to the systematic 
position of the Podosteinonaceae. Warming (i) regards the family 
as most nearly allied to the Saxifragaceae, with which it has in 
common the ht^pogynous, often bicarpellary, ovary, numerous 
aiiatropous ovules and free styles, and this view is now generality 
accepted. 
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Family VI. HYDROSTACHYACEAE 

The family; .Hydrostachyaceae, containing one genus, ilyclro- 
stacliys, with a, few^ species in Madagascar and South Africa, 
formerly included as a tribe of Podostemonaceae, has more receiiti.y 
been separated ,by . Warming as a distinct family. . They are sub- 
merged , water plants with thick tuber-like, stems bearing long, 
simple or piiinately divided , leaves, often covered with iiiimerous 
small scale-like emergences, ■■ and,' long-stalked spikes , of naked 
,{|^oec^O'?itS* fl,ow"ers. The male consist of a single stamen, protected 
by a bract, the female of two, similarly protected , carpels tinited 
to .form a unilocular ovary' ' with ' median placentas , bearing 
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mimeroiis ovules .each witli , a single integument ; there are two 
free styles. The fruit is a capsule opening at the ventral sutures of 
the- carpels. 

Family VIL HAMAMELIDACEAE 

A small family of trees and shrubs occurring in subtropical and 
teinperate climates, especially in Asia, Atlantic North America 
and a few in Madagascar and South Africa. The leaves are generally 
alternate, simple and stipulate, and the flowers inconspicuous 
and arranged in spikes or heads which are sometimes surrounded 
by coloured bracts. The flowers are of great variety of structure 
in the different genera. In Liquidambar (four species in Asia Minor, 
Eastern x4sia, Central and Atlantic North America) and AUmgia 
(China to Java) they are monoecious; the male have no perianth 
but consist merely of spikes of stamens with no distinction into 
individual flowers, the female consist of numerous flowers united 
by the ovaries into spherical heads and bearing an inconspicuous 
epigynous calyx and a few barren stamens. In Distylium (Hima- 
layas, mountains of Java and East Asia) the flowers are hypo- 
gynous and apetalous ; sepals are absent or present in varying 
number up to five, and the stamens vary from two to eight. Hama- 
'melis' and other genera have complete bisexual regular liypo- 
gynous flowers with four or five sepals, petals and stamens; 
H. virginiana (Witch Hazel), a bush, native of eastern North 
America and often seen in cultivation, has long strap-shaped yellow 
petals, the flowers appearing before the leaves (fig. 160). A constant 
character is found in the two united carpels, the ovary containing 
one to maiiy pendulous ovules and bearing two slender stifles. The 
fruit is a twm-chambered capsule splitting loculicidally and some- 
times also septicidally ; the pericarp consists of a woody or leathery 
exocarp and a more or less horny endocarp. The more or less 
oval, sometimes winged seeds contain a large straight embryo 
with flat cotyledons, surrounded by endosperm. 

The hairs shew a characteristic structure recalling that found 
ill the subfamily Hydrangeoideae of the family Saxifragaceae. 
They are one-celled and awi-shaped with brownish contents, and 
are generally associated in clusters and usually united at the base 
forming a tw^'o- to niany-limbed bundle-hair. They are generally 
distributed, or more or less closely crowded, especially on the 
ovary and young parts of the stem. 

. There are 18 genera- containing about -50 species. BmMwndia 
‘populnea (Himalayas and mountains of Java .-and Sumatra) and 
Alt'mgia.excelsa (south- w^est.-G-hina and Java) are :fiiie timber-trees ; 
species of Liquidambar yield a gum-resin, storax. 
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This and the next family Platanaceae are grouped together 
Wettstein as the order Hamamelidales, \vhich he ' places in the 
MonochlamjT'deae near Urticales on aecount of the '■‘hiiany primi- 
tive characters” represented by the genera. The great variety 
of floral structure suggests a very old type, and the resemblance 
to the Rosales in the structure of the gynoeciuni Wettstein regards 
as an iiidication that the origin of this group may be sought in 
forms resembling the Hamamelidaceae. The more general view 
adopted by Warming, Baillon, Niedenzu (who has elaborated the 
family in the Pflmizenfamilien) and Engler is that the Hamameli- 
daceae are neaii}^ allied to the Saxifragaceae and especially to the 
small family Cunoniaceae with which it agrees in the woody habit, 
the two-valved capsule and the winged seed; the anatomy of the 
wood is also similar. 



Fig. 160. Hamamelis virginiana. A. Flower, x 3. B. Floral diagram. C. Vertical 
section shewing stamens and pistil, x 10. D. Fruit dehiscmg, x 2. E. Seed 
cut lengthwise, X 3. (G after Kohler; B, D, E after Sargent.) 

Family VIII. PLATANACEiiE 

The family consists of the single genus, Platmius, comprising 
a few species of large deciduous trees, with alternate long-stalked 
palmate leaves generally toothed on the margin; the upper edges 
of the leaf -stalk join at the base forming a cap which protects the 
developing bud; the stipules are large and embrace the stern 
above the leaf -insertion. The cork-cambium arises in the sub- 
epidermal layer ; in P. occidentalis the bark peels in large thin 
sheets. The young shoots are densely clothed -with woolly hairs 
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consisting of a long j ointed hair ending in a sharp point and hearing 
at each node a three- to five-rayed whorl of pointed cells ; the walk 
are very thick. Similar hairs, but with much reduced branches, 
occur on the calyx and the ovary; in the latter case they develop 
to form the long slender jointed hairs which cover the fruit. 

The unisexual flowers are closely crowded in spherical heads, 
several of which are borne on a long penchdous stalk which ulti- 
mately splits into fibres. The inflorescences and heads are monoe- 
cious,' but the frequent presence in the flowers of rudiments of the 
other sex indicates that they are derived from a bisexual flower. 



vertical section, X 3. (After Niedeiizu.) 

The flowers are slightly perigynoiis, cyclic ami 3- to 8~iiieroiis, 
with regiilaiiy alternating sepals, " petals, stamens , or carpels. 
The sepals are small, free and hairy, the petals larger, thin and 
Bpathniate., .The stamens .have a. very short lilament .aiid; a, long 
anther, the halves of which split lengthwise; the connective is 
produced to form 'a- shield-like cover. .The carpels are Tree; the 
elongated,; ovary, passes''mto :a.;long style., which is hooked above 
and l:)ears the' stigma along ..the inner side. - There ^ is one ovule, 
rarely two, orthotropous and pendulous from the ventral sutiire, 
.with two integuments .y' 
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The flowers are wind-poliinated. The fruit is a c.lose aggregation, 
of caryopses, which through lateral pressure become fo.iir-angied. 
and inverted-pyramidal; they are 'densely covered ' with hairs 
and bear the remains of the style on the top. scanty endosperm 
surrounds the long thin straight embryo, which has linear, often 
unequal,' cotyledons. 

Platamis orientaUs is native from the eastern Mediterranean to 
the Himalayas, P. occideMalis from Mexico to Canada; there are 
three other species in Mexico and North America; P. merifolkt, 
the Plane of the London streets and ojDen spaces, is said to be 
a hybrid between orimtalis and occidentalis. In later Tertiary 
times the genus was distributed throughout Europe, North Asm. 
and North America. 

In the structure of the style, stigma aiid anther, Platamis 
resembles the Hamameiidaceae, hut it is more nearly allied to the 
Rosaceae as indicated by the ^jerigynous flower with completely 
free' carpels, and especially to the subfamily Spiraeoideae, It is, 
however, distinguished from the other families of the order by 
the almost or quite orthotropous ovule. Niedenzu, who has 
elaborated the family in the Pflanzenfarmlien, regards it as repre- 
senting, in the position of the ovule and the floral structure 
generalty, a type which has remained in the lowest stage of 
development as compared with the other families of the order. 

The accoi.mt of the floral structure given here is based on that 
of S. SchonlaiKU who describes and figures the development and 
adult structure of the flower. More recently this account has been 
called in question by R. F. Griggs^ who found no traces of a 
perianth beyond an insignificant and transitory circular scale 
surrounding each group of stamens. In the female flower the 
carpel-group was protected by three or four hairy staminodes. 
Ill the opinion of this author Platamis is apetalous and should be 
removed to the neighbourhood of the Urticales where it was placed 
by Bentham and Hooker and is retained by Wettstein. 

Family IX. ROSACEAE. 

Flowers generally bisexual and actinomorphic with a penta- 
■.nieroiis csljx and corolla, tw^o, three, or four times as many 
or indefinite stamens, and one to indefinite carpels; carpels 
one-celled, with mostly two pendulous or ascending a iiatropous 

i Schonlaiid, S. “Ileber die Entwicklung d. Bliiten ii. Eraclit liei den 
Flataiieii.” Engle.r’s /a/w'/Mc/t, iv, 323 ^ 

- Griggs, R. F. “On the characters and relationshqis of the Platanaceae.’" 
Bull Tomj Botan, 67^6, xxxvi, 389 (1909). 
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GTiiles. Calyx, corolla and stamens more or- less perigyiioiis. 
Fruit very various, often, associated, with the thalamus' in a 
pseudocarp. Seed generally. without endosperm ; embryo with 
planoconvex often fleshy cotyledons. 

Herbs, shrubs or trees with alternate simple or coinpoiind 
stipulate leaves. 

A large cosmopolitan family containing about 90 genera 
with 2000 species. 

The cotyledons are epigeal in germination and in the 
seedling stage are nearly all of the same general outline, 
varying between oval and oblong; sometimes they are emar- 
ginate. The greatest divergence from the general type occurs 
in the tribe Sanguisorbeae, which form a natural group with 
reduced flowers, and having the cotyledons deeply emarginate , 
with a cordate base. The leaves succeeding the cotyledons 
shew transitional stages to the adult form. This is well seen, 
in species of Potentilla, as P. Anserma (Silverweed). 

The plants are of verj^ different habit. Low-growing herbs 
such as Strawbeny, the closely allied genus PotentiUa, and 
AlcJmniUa; scrambling bushes, as the .Brambles or Rose; or 
trees, as Apple, Pear, Cheny, Plum, and other fruit trees. 
Both root and stem may take part in vegetative propagation. 
Leaf-buds are commonly produced on the roots of Cherry and 
other fruit trees; the Straw^berry spreads slender runners 
wiiich take root and produce a new- aeaulescent plant at their 
apex, while Raspberry is propagated by suckers or branches 
from the base of the erect leafy shoots which, after running 
for some distance horizontally beneath the soil, grow upward 
and form aerial leafy stems. In shrubby forms a change of 
branches into thorns is frequent, as in Prnmis: spmosa (Sloe 
or Blackthorn) and Crataegus Oxyacantlia (Hawiliorn). 

The prickles of the Roses and Brambles are emergences; 
by their means the plant is able to scramble over surrounding 
vegetation., /Stipules are. rarely 'absent, as in some species, of. 

.they are small and' caducous , as , in ,Pym6" .,(x4pple, . 
Pear, etc.), and Pr-xemk, (Plum, Cherry, etc.),, or persistent.',, 
andadnate to the leaf -stalk -as in Rosa, Rubus.MiA nearly .all ,, 
our British genera. The' prominent pa.rt „played ,by the leaf- 
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base ill bud "protection is well illustrated by young, shoots of 
Eosa cmnina (Dog-Tose) (fig. 162); the lowesh bud-scales are 
simply leaf -bases, the tridenticulate apex indicating the 
presence of a pair of lateral stipules (^s) adiiate to the leaf- 
stalky the upper bear a small pinnately compound leaf (I ) 
affording a transition to the perfect form. A similar reverse 
transition to leaf-base can be traced in the bracts (6). The leaves 
are simple or pinnately or more rarely palmately compound . 
The subfamily Primoideae has simple leaves ; in other cases- 



Fig. 162. Flowering shoot of (After Luerssen.) 

simple and compound occur in the same genus, as in Pyr 
where P, Malus (Apple) and P, communis (Pear) have simple 
leaves, P. Amwparia (Mountain Ash) pinnate. In the species 
of the section Aria the leaves, are more or less pinnately cut, 
and hybrids of these with P. Aticuparia shew leaves pinnately 
compound below and pinnately cut above. In Potmiilla they 
are generally palmately, but sometimes (P: Anserma) pin- 
iiately, compound. 

In warmer climates the leaves'' are , often leathery and 
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evergreen.. Woody members, of the family shew certain. points 
of agreement in anatomical characters. In the Pomoideae, 
periderm originates in the epidermis, in the Pniiioideae in 
the hypodermal layer. The primary cortex generally has a 
collenchymatons hypoderma and numerous crystal -sacs in 
the parenchyma. Stone-cells are generally absent both from 
the primary and secondary cortex, but are characteristic of 
the small tropical subfamily Chrysobalanoideae, Medullary 
rays are broad in Rosoideae and Prunoideae, narrow in 
Pomoideae. In Prunoideae gum is formed by disorganisation 
of the wood (Cherry-gum, etc.) 

The flowers are sometimes solitary as in Bubus Charms- 
moms (Cloudberry); often, however, branching takes place 
in the axil of the bracteoles, giving rise to an indefinite or 
more rarely a definite inflorescence. In Agrimoiiia it is a 
simple raceme; in Potsrium the small flowers form dense 
heads or spikes; in Rosa the flowers are solitary or a few 
together and corymbose; the many-flowered inflorescence of 
Ulmaria (Meadow-sweet) consists of a number of cymes 
arranged in a corymb. 

The sepals are almost invariably greenish and sepaloid; 
in some species of Rosa the outer members are more or less 
foliaceous. In Potentilla, Fragaria, Geum imd others there 
is an outer calyx (epicalyx) of generally smaller alternating 
members representing the stipules of the sepals proper, 
adjacent ones having united in pairs (compare the frequent 
union of ad jacent foliaceous stipules in our British Rubiaceae). 
The petals are generally large and petaloid; white or red are 
the prevailing colours, while among the Rosoideae (see below) 
yellow is common. Blue flowers occur only in a few of the 
Chrysobalanoideae. Sometimes, as mAlcJisniiUa^Potsriwm mid 
allied genera, petals are absent. 

Between the stamens and carpels lies a cushion-shaped 
or ring-like nectar-secreting disc easily accessible to visitiiig 
insects, which are also attracted by the large amount of 
pollen. 

In the tribe Sanguisorbeae many genera have flowers 
eminently suited for wind-pollinationj with a greenish in- 
conspicuous calyx, no corolla or nectary, but large projecting 
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often brush-ii'ce stigmas and long esserted stamens. There is 
also a tendency towai’ds separation of the sexes, especially 
noticeable in Poterium Satiguisorba, where the upper flowers 
are female, the lower often exclusively male. An endotropic 
course of the pollen-tube has been observed in AlchemiUa 
and Sibbaldia, and parthenogenesis is frequent in the former. 
Parthenocarpy (formation of fruit without previous fertilisa- 
tion) occurs in the genera with fleshy fruits. 

The stamens are bent inwards in the bud. They are very 
variable in number. Occasionally, as in Alchemilla, there is 
a simple whorl of four alternating with the four sepals 
(fig. 169, C); A. arvensis (fig. 169, D) has only one. Generally 



Fig, 163. Floral diagrams of A, Pyrus coimmmis; B, Nidtallia; 
C, Prunm Padzis. (After Eichler.) 


they are two, three, or four times as numerous as the members 
of the perianth-whorls, or indefinite. A common arrangement 
is one with an outer whorl of ten in five antesepalous pairs. 
In Pomoideae (fig. 163) this is generally followed by a whorl 
of five antepetalous, and a third whorl of five antesepalous. 
In Prunoideae the second whorl contains ten members 
alternating with those of the outer (fig. 163, C) ; there is 
sometimes a third alternating whorl. In many species of 
Poteniilla, Getim, and Eubus the outermost whorl of ten, 
which may be regarded as consisting of either antesepalous 
or antepetalous pairs, is followed by a second whorl of ten 
alternating with those of the outermost whorl. 

In PotefitiUa fruUcosa an: inner .w’-hoii of five, pairs, of ante- 
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sepalous alternates with an outer whorl of five antepetaloiis 
pairs, while a third whorl alternates with the individual 
members of each pair of the second,'(fig. 164). In ]?osa five 
epipetalous pairs are generally followed by a schorl of ten 
alternating with the individual members of the outer ring, 
and these again by successive 10-merous whorls. 

The shape of the torus and the relative position and number 
of the stamens and carpels, as well as the stnicture of the 
fruit, vary Avidely and will best be considered l>y a brief 
account of the different subfamilies of Avhich Focke in the 
Pfla7izenfa7mlien recognises six. 



Fig* 164. Diagram of Fig. 165. A. Flowerof verti- 

Pofentilla f riiikosa ; ej\ cal section ; r , the well developed nectar-secreting 

epiealyx; stiimles ring partially roofs over tlie sha,llowly concave 

of bract and braeteoles. receptacle; enlarged {after Focke). B. Floral 

(After Eichler.) diagram of hypmcijolia (after Eicbler). 

Subfamily^ I. Sp.iraeoideae. Is nearly allied to the Saxifragaceae. 
The torus is fiat or slightly concave, iievcT foriniiig a convex 
carpoiAore or a deep cup; the carpels form a central whorl, 
freque-ntlv of five, and are free as in Spiraea, or imited below. 
The ovary contains .several ovules (more rarely only two) and 
the fruit consists typically of two- to several-seeded follicles. 
The flowers have a 5-merous calyx and corolla, and the stamens 
vary from lO-oo . The plants are generally unarmed sknibs with 
simple or compound often exstipulate leaves, and numerous 
small white, rose or purple flowers arranged in racemes or 
panicled inflorescences. The 17 genera are cliiefly north te.m- 
"■ perate. .Numerous Spiraeas are grown in , gardens, while 
; ; 8. ■ salicifoUa occurs in Britain apparently, wild in plantations, . 
though not indigenous. Our native Meadowsweet and Drop- 
wort are now placed MThe UhnaHa, and included,, in the 

Rosoideaeon account of their one-seeded fruit. ■QtiiUo/ja sapon- 
aria, the hark of which contains saponin, is the Oiilian Soap- 
tree; in an allied geims Ijindleya ,(Mexico)., tlm ovary , is syn- 
carpons and the fruit' a capsule of several ceils. This indicates' 
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an affinity: with the next subfamily' Pomoideae, of which the 
small east Asiatic genus, Strmivaesia has the carpels sej 3 arate 
when ripe and dehiscent. , 

Subfamily II. Pomoideae. The -floral axis forms a deep cup with 
the inner wall of which the Awe or fewer carpels are more or less 
completeh" united as w^ell as wdth each other (fig. 166, A). Each 
carpel contains generally two ovules. The fruit (fig. 166, B) is 
a pseudocarp consisting of the large fleshy torus siirrotiiidiiig the 
ripe ovaries the endocarp of which is coriaceous or stony, and 
surrounds the generally one-seeded chamber. Strmmesia above- 
mentioned is exceptional. 

Pomoideae are shrubs or trees with simple or pinnate stipulate 
leaves. The flowers are white or rose-coloured, often sliow-y. 
The calyx and corolla are pentamerous ; the stamens geiierally 
20 or more. 




Pig. 166. A. Flower of Apple {Pi/riis 3Ialus); petals removed. B. Fruit of same; 
e, endocarp; /, vascular bundle, C. Flower of Rosa spinosmmia. Ail in 
vertical section. (A, B after Focke; C after Baillon. ) 

The 14 genera are distributed over the north temperate zone 
extending in western America through Mexico to the Andes of 
Peru and Chile. Pt/nis, the largest genus, has about 50 species in 
the north temperate zone. P, communis (Pear) and P. Malus 
(Apple) have been cultivated since prehistoric times; P. tormi- 
■nalis (Service) has a hard, almost stony, endocarp ; in P. Aucu-’ 
faria (Bowman, Mountain Ash) and P. Aria (White-beam) the 
endocarp is leathery. P. Aumparia reaches the limit of tree- 
- vegetation in Europe and North Asia. MespUiis germanim 
(Medlar) is a native of Greece and Western Asia. Cmfmgiis has 
numerous species, especially in North America; 0. OxymmitAii 
(Hawdhorn) is British.; many s.pecies. are growm in gardens. 
Gotoneaster, wdth 20 or more species in the north temperate 
.'zone of shrubs or small .-trees, As represented in Great Biitaiu 
b}" G. infsgerrima, wdiich is found on the limestone cliffs of the 
Great Grme, in : North Wales. ■ 

-Subfamily III.: Rosoideae is characterised by numerous.. carpels 
'\vhich., are either situated ui^pn' .a „ swmlien. receptacle as ii) 
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^TdQdTiut or Hubus, or at the bottom of tbo rocoptacular cup 
as in i?o.sa. Each carpel contains one or two ovules and the 
fruit is one-seeded and indehiscent. It is by far the largest 
subfamily, including 39 genera, which faU into smaller natural 
tribes distinguished by the form of the torus and of the fruit. 
The chief are: (1) Ulmarieae, containing one genus, Ulmaria, 
with eight to nine species m the north temperate zone, of which 
two, U.palustris (Meadow-sweet) and U. Filipendvla](Dvoimor±) , 



Fig. 167. A. Leaf and inflorescence, x f. B. Flower cut 

lengthwise, x3. 0. Unripe carpel, xlO. D. Ripe fruit, nat. size. E. Seed 
cut lengthwise, xlO; c, cotyledon; r, radicle, (From Ffor. Jam,) 

are BritisE. The torus is flat or shallowly coiicav© and the 
usually ten carpels ripen into one-seeded indehiscent dry fruits. 

(2) Potmtilleae. The carpels are generally nnmerotis, on a 
large rounded or convex outgrowth of the centre of the torus. 
In 'Rub'iis (Bramble) there is no epicalyx and the fruits are 
drupels situated upon the dry torus. Rubm is a large genus 
found almost everywhere except in the driest and hottest parts 
. of the earth. The greater number of species occur in the forest- 
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region of the north temperate zone and in the high mountains 
of tropical America. Besides about 180-200 undoubted species, 
a very large number of subspecies and varieties have been 
described. M. fruticoaus (Blackberry) is a very polymorphic 
plant ; It. Idaeus is the Raspberry ; R. Cliamaemorus (Cloudberry) 
is foimd from Derbyshire northwards. In Fragaria,Potentilla, and 
a few allied genera, the sepals are stipulate, and an epieatyx is 
formed by the union of adjacent stipules. As in Rubus, stamens 
and carpels are indefinite and the fruits are achenes. In 
Fragaria the torus becomes much enlarged and juicy in the 
fruiting stage, in the other genera it remains dry. Dryas and 
Oeum represent a third section, in which the style is terminal 



Eig. 168. Fragaria msca {Strawberry). A. Plant, x |. B. Flower seen from 
below, nat. size. C. Flower cut lengthwise, x 4. D. Carpel cut lengthwise, 
X 4. E. Achene, x 10, F. Ditto cut, lengthwise, x 10; c, cotyledon; r, radicle. 
(From Flor. Jam.) 

and pers.istent in the fruit, forming in Dryas a slender feathery 
appendage to the achene, recalling the fruit of Clematis, m\A 
: ill Geum often a barbed awn. Po^e?i^'ii^Zeae are chiefly north 
temperate, Arctic and alpine plants. Geum also occurs in the 
south temperate zone. 

(3) Boseae contains only Rosa, and is characterised hy an urn - 
shaped or tnbnlar torus, enclosing the numerous carpels and 
becoming fleshy and 'bright-coloured in the fruiting stage. The 
general habit recalls that oiBubus; in both cases the plants are 
.prickly shrubs, while' many .Boses' have 'the' scrambling, habit 
characteristic of Brambles. The species of Pom also are 
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. , .extremely variable and so many species, subspecies, varieties 
' and forms have been described that, as with the Braiiibles, the 
identification of Roses is extremely difficult h 

(4) 8 a 7 iguisorbeae are a reduced group of Rosoideae. They have 
the persistent urn-’Shaped torus, completely enclosing the fruit, 
as iiiMosa, but with a great reduction in the number of the carpels 
(often only one is present) is associated the absence of the fleshy 
bright-coloured torus, which in Eosa ensures the distribution of 
the large number of achenes. The torus remains di^y, often be- 
coming hard. An epicahnx is present in AlcJiemilla (fig. 169), and a 
few other genera. The fiow^ers are generally apetalous (AlcJimtilla, 
Poterkm), often unisexual, and frequently anemophiioiiKS, as in 
Poterimn Smiguisorba, where the small flowers are crowded on 
long-stalked heads, the upper being female with protruding 
feathery stigmas , and the lower male (or bisexual) wfith numerous 
exserted stamens; the pendulous anthers are attached to long 



diagram of Agmnonia pUosa, shewing arrangenient. of sepals, petals and 
stamens. G, I). Floral diagrams of Alchemilla mtiga/'is and n. rn*rfo/s/-v, 
E. Fruit of Agrimmiia Eupahrmm^^ in vertical section, eniaived. c, ei>icai\'x. 
(B after Goebel; G, I) after Eichler.) 


slender filaments. Agrimoriia has small 3 'ellow-petalled nectar- 
less flowers borne in a long terminal spike; in the fruiting stage 
the hardened torus is crowned hj numerous hooked bristles 
(fig. 169, E), tvhich are of service in the distribiition of the one 
or two enclosed achenes. Such development of barbs or prickles 
on the torus is a frequent device in the tribe for ensuring dis- 
tribution. The number of stamens is veiy variable, even in the 
same genus or species; sometimes numerous, but more often 
few, sometimes only one (fig. 169, B, C, D). 

Its success is demonstrated the wide area over vdiich maiy 
members of the tribe are found. The species of Acaena occur 
' ; chieflj' :in extratropical South America but spread, along .the 
Andes to Mexico and California and are found also in the 
, Sandwich Islands, .New^ ■ Zealand, Tasmania, South, Australia, 

^ See Matthews, J. R. "Hybridism and classification in the genus BosaA' 
New Phytoiogi si, XIX, 
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South Africa, Tristan d’Acunha and other islands of the southern 
hemisphere. The barbed thorns ' are emiiientl}'' adapted for 
carriage in the feathers of sea-birds such as the Albatross. 
x4 . adscendens is found in New Zealand, Tierra del Fuego, and 
the Falkland Islands. 

Siibfamih^ IV. Nexjradoideae contains only two small genera. 
They are desert-loving herbs with yellow flowers. The 5-10 
carpels are united with each other and with the base of the eiip- 
shaped torus which enlarges and forms a dry covering round the 
one-seeded fruits. Neurada 2>rocmnbe7is spreads through North 
Africa to the Indian desert. Grielum occurs in the sandy and 
salt deserts of South Africa. 



Fig. 170. Primus inijrtifolm. A. Portion of plant, x f. B. Diagram of flower. 

C. Flower cut on one side, x4. D. Fruit, xf. E. Fruit cut lengthwise, x |; 
endocarp; c, cotyledon; f, radicle. (From Flor. Jam.) 

Subfamily V. Prunoideae contains five genera, the species of 
wliich are distributed through the north temperate zone, 
passing into the tropics-; they are characterised by a free solitary 
carpel with a terminal style and a pair of pendiiious ovules, 

: and the fruit a one-seeded drupe. With few exceptions the 
torus forms a more or less deep cup' at. the edge of which spring 
the five sepals, fi.ve, alternating . petals and 10, 20 or more 
stamens. The stony endocarp bears a longitudinal seam, along 
which it splits in germination. The seed (kernel) consists chiefly 
of two large fleshy planoconvex ■ cotyledons; there, is no eiido- 
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sperm. The plants are deciduous or evergreen {Prumis ' Lauro- 
cemsus, Cherry-laurel) trees or shrubs with simple tiiidivided 
leaves, and often small and caducous stipules. Flowers are often 
showy, and white or pink, generally arranged in racemes (fig. 
170). The monotypic genus NuttalUa from north-west x4.merica is 
exceptional in having a whorl of five carpels (fig. 163, B): 
through it the subfamily is related to Spiraeoideae. The large 
genus Prunus is divided into subgenera, the distinctioiis being 
based on the arrangement of the leaves in the bud, the character 
of the mesocarp and endpearp and the shape of the torus. 



Pig. 171. Cfhrysobalanus kaco. A. Portion of plant, x f. B. Diagram of flower. 
0. Flower, x 2. B, Flower cut lengthwise and four stamens removed, x 3. 
E. Pistil, a vertical section of ovary removed, x 4, P. Fruit cut lengthwise, 
X 1; e«, endocarp. (From Mor. Jam.) 

In P. communis (Plum) and allied species the leaves are 
rolled in the bud. P. communis includes several well-marked 
subspecies, P. sjnnosa (Sloe or Blackthorn), P. insititia (Bul- 
lace) and P, domestica (Wild Plum). The last mentioned has 
been cultivated since classic times but is not certainly known 
to be indigenous anywhere at the present day. The other sub- 
genera have condupiicate leaves. The subgenus Amijgdalus 
contains the Almond (P. Amygdalus), which grows wild in 
: Central Asia, and the^ closely related Peach {P^^ersica), the native 
: . country .of:, which us unknown. - Amygdalus has the, mesocarp 
generally not j.uicy, but covered with hairs,, and the eiidocarp 
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often furrowed ; the torus is short and wide-mouthed. The snb- 
genns Gerasus differs from Amygdalus in having a fleshy iiieso- 
carp and a smooth or wrinkled (not deeply furrowed) stone. 
P. Gerasus (Wild Cherry), probably a native of the Balkans and 
Asia Minor, is the origin of many of our cultivated forms (Morello, 
Duke and Kentish cherries) ; others are derived from P. Avvwn 
(Geaii). The sub-genus Laurocerasus, to which belongs P. Padns 
(Bird-cherry), is distinguished from Gerasus by its entire stigma, 
iinfurrowed style and fl owers mracemes. P. Laurocemsus (Cherry- 
laurel) is a well-known evergreen with nectaries on the back of 
the leaves. 

Fossil remains of the genus Primus are frequent in Tertiary 
strata. 


Subfamily VI. Chrysobaeanoideae^ (genera 13, species 200) 
resembles Prunoideae in having a solitary free carpel and the 
fruit a drupe, but differs in the basal 
style, the ascending (not pendulous) 
ovules and frequently zygomorphic 
flowers (figs. 171, 172). The plants are 
tropical evergreen trees or shrubs ; largely 
vSouth American. In several genera 
(Hirtellay Parinarium anci.- others) ‘the 
flower is markedly zygomorphic, the^ 
stamens being pushed to the anterior 
face, while the torus is hollowed on the 
posterior face into a sac or spur below^ 
the ovary. Such flow^ers are adapted for 
pollination by insects with long pro- 
bosces. This subfamily is of great 
interest from its affinity on the one 
( side with Prunoideae, as already indi- 
^ cated, and, on the other, in the zygo- 
morphic flowers just described, with 
the family Leguminosae. This second Fig. 172. Flower of Acioa 

affinity is emphasised in Acioa where veiUcufi 

^ tion, sliewmg the solitary 

the filaments of the 10 to 15 or more carpel with a long style, 
stamens are united into a long flat band and the stamens ^united 
becoming free onlynear the top (fig. 172), “^toaband. (After bocke.) 

H. 0. JueP finds that in the early stages of development of 
a species of Parinarium theTce are three rudimeiflwry carpels 
correspoiiding to the tripartite stigma. In norma^^" ower&-^‘||:)th 
the posterior chambers are Undeveloped, a!k^ccur ^ 

abnonnalflowers arise in which there are 

1 Arkiv Bot. XIV. Ko. 7. ' -y ...d every few minutes. 
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floater:^ a 

■ Juel considers tliat the Pm%ncLrkim type of gyiioeciuiii is based 
' . npon a triiiieroiis form, and suggests that this may apply to the 
whole subfamily, the relationship. of which to the Pruiioideae 
, is doubtful. Hehmisiders that the e^ddenee Justifies the removal 
of the Chrysobalanoideae from the Rosaceae but “not from the 
, order. . 

. Family X. CONXARACEAE 

A small tropical family contaming about 250 species in 10 genera. 
They are mostly woody climbers, sometimes shrubs or trees, with 
alternate iniparipinnate exstipulate leaves and small regular 
generally bisexual flowers arranged in racemes or panicles. The 
flowers are pentamerous ; the sepals are generally persistent and be- 
come hardened round the bs^se of the fruit ; the petals are imbricate 
and free; the stamens are generally in tw^o whorls, the five ante- 
petalous being shorter than the five antesepaloiis ; the filaments are 
generally iinited at the base. The five (rarely fewer) carpels are 
free and oiie-celled, containing tw^o collateral ovules, \?ith two 
integuments, ascending from the base ; only one carpel develops 
fruit and forms a one-seeded follicle, opening generally on the 
ventral suture. The solitary erect seed is usually surrounded at the 
base with an aril. Endosperm is present or absent. 

This family is most neaii}^ allied to Legiiminosae but is dis- 
tinguished by the ■^j pically pentamerous pistil and absence of 
stipules. 

Family XI. ' LEGUMINOSAE 

Flowers bisexual, general^ zygomorphic, sometimes (sub- 
family Mimosoideae) actinomorphic. Calyx inferior, geiieralty 
of five sepals, with the odd one anterior, geneially' more or 
less united, with imbricate or valvate aestivation, the latter 
especially in the regular flow^ers. Petals free, or -in regular 
flowers more or less united, equal in number and alternating 
witii the sepals; corolla generally markedly zj^^gomorphic;. 
aestivation valvate , or variously imbricated. ■ Stamens 
, typically ten, inferior or slightly perigynous, free; or more or 
less united into a tube, in wdiich'case they are nioiiadelphous, 
or diacle'!l|i>hoiis by separation of the- posterior stamen. Carpel 
ventral suture posterior, ending in a simple 
Cen^ffiAsia,'SI|^ wdiich surmo.unts .-a unilocular oAmry .cpn- 
coiintry of wliidjynneroiis ovules arranged in two alternating 
; generally. not juicA^ ityal su ture. , OAuiles amp.Mtropous, or 
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aiiatropoiis, or sometimes campylotropous, obliquely aseeiidiiig 
or peiidiiloiis. Prnit generally -a legume containing many 
seeds and dehiscing by both dorsal and ventral sutures. Seeds 
generally with a leathery testa, on a short or elongated fniiicle, 
which often forms a more or less fleshy aril. Endosperm 
generally absent or sparsely developed, the embryo consisting 
of two large flat cotyledons with a generally superior or 
ventrally placed radicle. 

Trees, shrubs or herbs of very various habit. Leaves 
generally alternate, compound and stipulate. 

The second largest family of flowering plants, containing 
about 550 genera with more than 12,000 species, forming a 
very natural cosmopolitan group in spite of the^ considerable 
variation in vegetative and floral characters. 

In most members of the family the cotyledons come above the 
ground and function as the first green foliage -leaves. Thej^ are 
generally more or less oblong in shape; sometimes with an un- 
equal, cordate or auricied base. Cordate cotyledons’ are frequent 
in the subfamily Caesalpinioideae, where the seed generally 
contaiiis endosperm and the embryo is straight with the radicle 
lying between the auricles of the cotyledons. In the genus Acacia 
(siihfaaniiy Mimosoideae) they shew great variety and may be 
oblong and entire, or slightly cordate, or have a deeply auricied 
or sagittate base. In the tribe Vidme oi the suMamily Papilionatae 
the flesliy planoconvex cotyledons fill the seed- coat and are 
hypogeal, while in the closely allied Phaseoleae both epigeai and 
by t>^gec^)ccur . Scorpiurus sulcata, a Mediterranean plant with 
a '*^si^hiscent pod, is remarkable in having cylindrical, 

fleshy .^quently ths^^yl(‘dons which are twisted about in the albu- 
minoi^cies of Jcacm/v and after germination they become much 
largerding shelters for 

Irieaf -cutting ants and similar foes. of germination are 
s(;>;eutral American species, is one of the best ki. tlie former the 
inits live entirely on the plant, obtaining fooa^j) spiplh^-coiled 
pcctaries on the leaf-stalks and from oblong yellowi^fooct-^Yxr^^^..^ 
t>ii the tips of the leaflets. 

] Leaf-movements are very general. Such are the sleep-move- 
ments in TrifoUum, Phaseohts, Rohmia, Acacia and D.esmoimm, 
'in which the leaflets assume a vertical position at , iiight-faIL 
Spontaneous movements independent of light-changes also occur, 
as ill of tropical Asia, where 

the twcrsmairiateiulle^^^^^ and down every lew^ minutes, 
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. Vfalls from: the pod' and germinates in the earth* The , seed-coat 
forms a shilling soft wool-like mass, from which, when the pod 
has opened, the embryo escapes on the slightest pressure as a 
thick bean-like body. Its escape is effected by visits of birds which 
are attracted by the conspicnons seed-coat. 

The transition from cotyledon to the adult form of leaf may be 
gradual, as in where the leaf succeeding the cotyledons is 

simple, and the subsequent ones are trifoliolate, or the compound 
form is at once assumed, as in Lupinus, where the leaves immedi- 
ately succeeding the cotyledons are digitately compound, thougli 
with fewer leaflets than in the adult form. In Gorse (Ulex euro- 
pams) there is much variation in the shape of the primary leaves 
before the adult spinous form is assumed. The leaves are ail 
simple, or those immediately succeeding the cotyledons are tri- 
foliolate passing above into bifoliolate and simple forms; or other 
variations occur. In Acacia the primary leaves are pimiately 
compound, while in those species where the ultimate form is 
phyilode-like this is gradually assumed by development of the 
main petiole and diminution in number and size of the leaflets. 

The family contains plants of very different habit. Our 
British genera, all of w^hich belong to the subfamily Papi- 
lionatae, include a few shrubs such as Genista, Ulex (Gorse) 
mdGytisus (Broom). The majority, however, and this applies 
to the subfamily as a whole, are herbaceous, as Trifolmm, 
Medicago, Melilotm, Lotus, while the species of Lathyrus 
and Vida (Vetch) climb or trail by help of tendrils which are 
modified leaf -structures. Others, such as Phmeolus multi- 
florus, have an herbaceous twining stem. Species of BauliMia 
(Caesalpinioideae) with curiously flattened 
stems are characteristic lianes of tropical fg;^oh the 
gigas (Mimosoicleae) is alsp^p^^comm^^ in 

both hemispheres, equal in number and alternatirF^^^^ 

_ heights. The subf^j^^ljo^ general^ markedly zi^gomorphie?^’ 
confined to the or variously imbricated. Staineiis^^ 
t;\qMai]y ten, inferior or slightly perigynous, free or more or ^ 
less iiililyd into a tube, in which case they are monadelphoiis, ^ 
or diaderphous by separation of the posterior stamen. Carpel 
tiF suture ■ posterior, ending in a simple 

Ceii5ffisia,'ii^ which surmounts a unilocular ovary cqh- 
country of whicii^imerous ovules arranged in two alteiiiating 
generally not jEicy, i^t|’al_ suture... Ovules anipiiitropous, .or; . 
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Papilionatae 5 ^ frequently bear numerous^ small tubercles, 
which contain nitrogen-giving bacteria. Hence the value of 
crops of Clover, Beans, etc., in a rotation or as green manure. 

The leaves are alternate, rarely opposite or whorled, and 
generally compound and stipulate; sometimes the individual 
leaflets have stipels at the base as in many members of the 
tribe Phaseoleae. One of the commonest leaf -forms is the 
digitately trifoliolate, as in Trifolium; pinnate and impari- 
pinnate {Robinia, Laburnum) are also frequent. The Mimo- 
soideae have generally bipinnate leaves. The petiole falls 
with the leaflets, or later, or persists, becoming indurated, to 
form spines as in Astragalus, Oxytropis, OnobrycMs and 
others. Various reductions and modifications for special 
purposes occur. In the Pea and Vetch, the end of the rachis 
or a greater or less number of leaflets are developed as 
tendrils.. In Gorse the leaves of the adult are reduced to 
simple spines (sometimes bearing a single minute leaflet) or 
small scales subtending a spine-like branch. The leaves of 
many Australian Acacias consist of a vertically placed 
flattened phyllode-like structure representing the petiole; a 
similar reduction takes place in some species of Mimosa, 

Stipules are generally free, more rarely, as in Medicago, 
Lupinus and Trifolium, adnate to the petiole. In Pisum (Pea) 
they are leaf -like, replacing as assimilating organs the leaflets, 
which have become tendrils. In Oytisus (Broom) they are 
minute, and absent in Ulex, 

Frequently the stipules take the form of thorns, as in Eobinia, 
In species of Acacia the thorns are hollow and often much swnllen, 
affording shelters for ants, which protect the plant from attack 
by leaf-cutting ants and similar foes. Acacia sphaerocephala, a. 
Central American species, is one of the best known examples. The 
ants live entirely on the plant, obtaining food from extrafloral 
nectaries on the leaf -stalks and from oblong yellowish food-bodies 
„ on the. tips, of theleafl,ets. . 

Leaf -movements are ver^^ general. Such are the sleep-mo ve- 
inents in Trifolium, Phaseolus, Robinia, Acacia and Desmodium, 
in which the leaflets assume a vertical position at night-falL 
Spontaneous movements independent of light-changes also occur, 
as in of tropical x\sia, where 

the two small lateraUSafl^ move up and down, every few minutes. 
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if the temperature is sufficiently high. In species of Mimosa 
■{m. M. pudica, Sensitive-plant) (fig. 173) the leaves assiiiiie a 
sleep-position in response to a touch. The seat of the movement 
in these cases is the piilvinus or swollen base of the leaf -stalk or 
petioiule. Extrafloral nectaries are found on the stipules or leaf- 
stalks of iiiaiiy members of the family.; Vida sepium is an example 
from our own flora. 

The origin of the periderm shews great variety. It seldoiii arises 
ill the epidermis {Cytisus), more frequently in the siibepidernial 



Fig. 173. ' Mimosa pudka shewing leaves expanded and closed, flower-head in 
bud and open,* and pods in various stages of dehiscence; the thickened 
borders of the pod separate and the pod breaks up into one-seeded Joints; 
reduced. (From Flor. Jam.) 

layer {Hymenaea, Baulmiia) or from a deeper layer of the cortex 
/{GleditscMa, Eobinia) or finally from the pericycle (as in Ulex).: 
According to Moeller, the three subfamilies may be distinguished 
by the structure of the sieve-tubes. In Papilionatae the individual 
members are short, only a little wider than the parenchyma-cells, 
:and,have simple transverse plates.. In Caesalpinioideae- they, are 
much shorter, . very much wider than The parenchyma-cells, ,and 
have several coarsely .fitted' plates', on. the moderately inclined 
ends ; often, too, they, are connected laterally with adjoining tubes. 
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111 Minios.oideae they are much longer, 'but no broader, than in 
Papilionatae, and have nan^ow scaiariform plates. 

According to Saupe, the subfamilies cannot be, separated upon 
characters derived from the anatomy of the wood. On the other 
hand, the smaller groups and the genera have certain distinctive 
peculiarities, especially in the form of the medullary rays in 
tangential section, and in the distribution of wood -parenchyma 
and its relation to the vessels. 

The form and structure of the stem of the liaiies are of 
special interest. In Papilionatae anomalous secondary thickening 
is common and arises from the production of successive new 
cambium-zones outside the original ring; either in the pericycle 
or in the phloem-zone (Wistaria sinensis, Myndiosia), 
concentric vascular bundle-rings or broader or narrower strands 
are formed. Where the successive cambiums are active only at 
two opposite points a fiat ribbon-like stem is the result as in 
FJiynchosia. In the Caesaipinioideae the climbing Bcmhinia-sjjeoies 
shew very complicated anomalous secondary thickeiimg, as weli 
as remarkable external conformation, the stem being flattened and 
at the same time shewing basin-like imdnlations. In some species 
growth ill thickness is normal ; in others successive cambium-zones 
arise concentric with the piimary zone, as described for Pa|:)i- 
lionatae ; ‘while in others new and distinct centres of growth, each 
wdth its cambinm-zone, arise outside the primary zone, 

.No anomalous groivtii in tliickness has been found in climbing 
Mimosoideae ; in some cases the stem becomes strongly winged 
Entmla gigas has a very soft parenchymatous wood; large gum- 
passages occur in both ivood and parenchyma. 

The tissue of most Mimosoideae and Caesaipinioideae and of 
many Papilionatae is rich in tannin -sacs, and gum-passages in the 
pith and medullary rays are frequent, especially in species of 
Acacia and Astragalus; gum-arabic is an exudation from the 
branches of Acacia Senegal; Astragalus gmnmifer and other species 
yield giim-tragacanth. The thick walls of the wood-fibres are 
deeply coloured in the heart- wood of Haematoxylon camyncManum 
(Logwood), Pterocarpus santalmus (Ked Sandai-wood) and others. 

The inflorescence shews 'great variety, but is always of the 
indefinite type. The simple raceme'isenmmon, as in LaAm'WM'm., 
Robinia, Indigofera (fig. 180 ), also the spike or head (Trifolkmi, 
fig. 174). . Compound inflorescences are frequent iii' Minio- 
soideae. In Lupins a whorled arrangement results from local 
secondary growth in length, Dorsiventral racemes also occur, 
.. especially in the tribe 
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111 tilie great majority flowers are borne on lateral branches 
of the third order; more rarely on those of- the second (as in 
Cytisus, Genista, Lupinus) or fourth (Trijvlium 
Phaseolm), The most constant characters a^re the liypogyiioiis 



Fig. 174. Tri folium repens. A. Portion of plant, x |. B. Flower, x 2, C. Pod 
enveloped in the persistent calyx and corolla, x 2. I), Pod witli one valve 
removed, X 2. {From Flor. Jam.) 



175. Floral diagrams of A, Parkia africana ; B, Mlmma .pudim ; 
C, Acacia latifolia. (After Eichler. ) 


or slightly, perigynous, arrangement of the parts, the anterior 
position (fig.. 1 . 81 ) of the odd. sepal, which is the first developed, 
the others following in ascending order (from front to back), 
the polypetaloiis corolla, and the gynoeciiim of one median 
carpel, with a terminal style ending in a simple stigma, 
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and two alternating rows of ovules on the ventral suture of 
the ovary which faces the back of the flower. 

The arrangement and .form of the perianth-segments, 
especially of the corolla, and the number and cohesion of the 
stamens, shew .. considerable variation. Three well-marked 
types are recognised, each characteristic of a subfamily. 

In Mimosoideae, the smallest subfamily with about 
40 genera, the flower is regular and the aestivation of both 
calyx and corolla valvate; Parlcia and an allied genus have 
imbricate sepals; (fig. 175). The perianth is generally penta- 
iiierous, but 3-, 4- or 6-merous flowers occur : Mimosa pudka is 
tetramerous, and all four forms are found in the genus ; 

while in Acacia many species are 3- or 
4-merous. The sepals are more or less united 
below into a cup, and the petals may also 
cohere at the base. The stamens vary greatly 
in number; their number and cohesion 
afford distinctive tribal characters. Thus 
they are indefinite and free in Acacieae 
(containing the single large genus Acacia) 

(figs. 175, C, 176), indefinite and more or 
less monadelphous in Ingeae. In the four 
other tribes they are as many or twice as 
many as the petals. The long slender 
filaments are crowned by small bilocular 
anthers which dehisce longitudinally. 

The pollen-grains are often united into 
little packets. Occasionally the anther- 
chambers are divided by several transverse 
septa. In many cases the long exserted yellow stamens are, 
as ill Mimosa, the most conspicuous part of the flower. 

In Caesalpinioideae (133 genera) the flowers are mediaiily 
zygomorpMc, and generally 5-, more rarely 4-nierous. The 
two upper sepals are sometimes united, as in Tmnarmdas 
(fig. 179, B), otherwise the members of the catyx are generally 
free; their aestivation is imbricate, rarely, as in Cercis 
SUirpiasUmm (JudsbsAiree) (fig. 179, A), valvate. The typical^ 
' 'pentamerous corolla shews great variation.' Its aestivation is 
ascending imbricate, the posterior petal being innermost. In 



Eio. 176. Flower of 
Acacia farnesiana 
with calyx and co- 
rolla partly remov- 
ed, X 7. {From Ftor. 
Jam.) 
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Gercis (fig. 177) it .resembles a papilionaceous corolla, the, 
two lower (anterior) petals forming a larger pair enclosing the 
essential organs, while the posterior pair are reflexed and 
wing-hke, and the odd petal is erect. In Cassia (fig. 178) all 
five are siibeqiial and spreading. In the handsome flower of 
Amlierstia iioUlis (a plant of further India, not uncommon in 
cultivation) the anterior pair are small or suppressed, while 
the three posterior are well-developed, the odd petal being 
the largest. In Kramer ia the anterior pair are represented 
by glandular scales, while in Tamarindus (fig. 179, B) they 
are absent. Finally apetalous genera (or species) occur, as in 
Gopaifera and Geratonia (fig. 179, C, D). The stamens are 
generally ten in number, rarely indefinite, or fewer by abortion 



Fi«. 177. Ccreis SiUquastrnm. A. Inflorescence groAving from the old wood, 
reduced. B. A flower. C. Flower in longitudinal section, enlarged. (After 
Taiibert.) 

(figs. 178, 179). They are free, as in Gercis, or more or less 
united; thus in A mherstia they are diadelphous, the posterior 
one free, the rest united for more than half their length ; and 
in Tamarindus the three fertile stamens are similarly united 
into an open sheath on the top of which are indicated the 
small staminodes. 

The third and largest subfamily, Papilionatae, is character- 
ised by the markedly zygomorphie true papilionaceous 
flower. The five sepals are as a rule coherent, with an g^scending 
imbricate arrangement (fig. 181, A); often the two upper and 
three lower segments are respectively luiited, forming a two- 
lipped structure. The corolla consists typically of five unequal 
petals with a descending imbricate aestivation ; the outer- 
most (posterior) petallsThelargesiand forms the broad free 
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^"'■"bud.’ B.Flovver. 

upper stamens are imperfect ' iT'ElA.ri • above, x 2 ; tie tiiroe 

{ILv nor. Jam.) -D- Mower m section, x 3. E. l>ocl, nat. size. 



Fki. 179. Fioraldiagrams of A C'ems SUigurntrum; -&, Tamarindus; 
t. Copai^era; T>, Ceratonia. (After Eicliler.) 
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standard (vexillum), the lateral pair, wMch are also free anc^ 
generally long-clawed, form the wings (atee), while th4‘ 
anterior pair are closely appressed, and often more or lesp 
coherent, and form the keel' (camia) in which are enclosed 
the stamens and pistil. In the North American Amorpha 
(fig. 181, C) wings and keel are absent. The ten stamens are 
inserted at the same height as the corolla. They are almost 
or quite free, or monadelphous (figs. 181, B, 182, F) or diadel- 



Fig. 180. Indigofera Undoria. A. Raceme and leaf, x |. B. Standard, x (I 
C. Wing, X 1). B, Keel, X 6. E. Flower with corolla removed, x 7. F. Ovary 
and calyx ent lengthwise, x 7, G. Ripe pods, x f. H. Ripe seed, x 3. 
1. Ditto cut lengthwise, X 3. (From F/or. Jaw.) 

phous, the posterior one being free (figs. 181, A, 180, E). Occa- 
sionally the posterior one is absent, as in the West Australian 
Gliofizema (fig. 181, D), or as many as five may be absent. 

The ten stamens of the Caesalpinioideae and Papilionatae, 
though arranged in a single whorl in the adult flower, are 
diplostemonons in origin, the five. antesepalous arising before 
the. antepetaloxis ; the former are generally longer than the 
.latter, and other differences, as. in size of anther, or presence 
or absence of a terminal gland, often distingiiish the two 
series (fig. 182,, E). 

: .The single, median, carpel iS' sometimes' borne on a longer 
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or shorter stalk, and often girt at the base by a liypogyiioiis 
iiec tar-secreting disc. In the second and third subfamilies 
the zygomorphy of the flower is often expressed in the 
terminal style by a difference between back and front, and a 
well-marked bending ; more rarely is it straight, or rolled as 
in Phaseolms. Departures from a monocarpellary pistil are 
rare. Tounatea dicarpa (Caesalpinioideae) has two carpels^ 
while in several genera of the tribe Ingem (Mimosoideae) 
there are more than one. Occasionally the iiimiber of ovules 
is reduced; some species of Trifolium and Medicago have 
only one. The ovules are amphitropous or auatropoiis, some- 
times campylotropiis, and obliquely ascending or peiidiilous, 
with one or two integuments ; the number varies even in the 
same genus. 



Eig. 181. Floral diagrams of A, Vida Faha; B, Lahimiwm vulgar e; C, A rmrpha 
fruticosa; D, Chorlzema cordaiiim, (After Eieliier.) 

In Mimosoideae and Caesalpinioideae the stamens and stigma 
are freely exposed and the stamens as well as the petals serve to 
attract insects. Frequently, as in Mimosa, the flowers are massed 
in heads. ■ ^ 

The relation of insects to the flower has been carefiill}^ studied 
only in Papilionatae, and chiefly in European species. H. Midler 
has described the structure of the flower and its pollination in 
niimeroiis species. In nectar-containing species nectar is secreted 
from the inner sides of the bases of the filaments and acciiinulatc^s 
roiiiiel the base of the ovary, lying at the bottom of a tube formed 
by the filaments of the stamens and rendered more rigid by tlie 
claw^s of the petals and the stiff,' more or less tubidar,. calyx. It is 
accessible therefore only to an insect, with a long proboscis, and 
observation shews that ■ .Papilionatae are essentially bee-flowers. 
Ill such species the posterior stamen is free and a 'passage to 
the. nectar is made by an arching, outwards, of its base or of 
the bases of the: adjoining filaments -on either .side. ■ The parts 
of the corolla also play an important part, in The process. .The 
flowers, stand nio:re .or less ■ horizontally, ' and , w.hile the keel 
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encloses the stamens and protects them from rain and attack hv 
unbidden pollen-eating insects, the wings serve as a [)latfoTm on 
winch the bee alights and the large erect coloured standanl 
renders the flower conspicuous. The wings and standard have 
other uses, as can be seen by watching a bee at n ork. The way to 
the nectar opens in the centre of the flower at the ba,se of the 
standard, which serves as a fulcrum against which the bee pushes 
its head whilst standing on the wings. The latter arc firmly 
morticed into the keel by interlocking of proees.ses in the adjoining 
surfaces of both, or by irrojections of the wings fitting closely 



Fici. 182. Zornia diphylla. A. Upper portion of brancli, with leaves and flower- 
spikes, xf. B. Standard, X 3. C. Wing, x 3. I). .Keel, x 3. E. Flower with 
corolla removed, X 3. F. Upper portion of stamina! sheath more highly 
magnified. G. .Ripe pod with one of the bracts removed, x 3; s, persistent 
staminal sheath. H. Bract slightly magnified. (From Flor. Jam.) 


into lioliows ill the keel, the result being that the pressure exerted 
on the wings by the feet of the insect depresses the keel and exposes 
the stamens or stigma which come in contact with the under surface 
of the insect. The keel is kept in its place and, if repeated visits are 
necessary, is brought hack into position by means of a lobe at the 
base of :, each wing which embraces the central rigid column of " 
which the j ovary iofniTfK^''^^ . ■ . 

Mtilier'" distinguishes four : types "pf structure,, according^ to the ,' 
way in winch the pollen is applied to’^hhe bee.: First 'those in which 
stamens and stigm.a: return mthin they keel after vdsit. Such'' 
flowers, of which Melilotm, Trifolium, Onobrycfm mid Laburnvm 
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are examples, admit of repeated visits.: Secondly those where the 
essential organs are confined under, tension and the visit causes 
the flower to explode. Thus in Genista tmctoria when the flower is 
ready for pollination, the keel is much compressed and closely 
surrounds the curved style and the pollen which is heaped above 
it, the anthers having dehisced and withered before the expansion 
of the standard. The tightly closed keel is kept in a horizontal 
position by the action of two equal and opposite forces ; the column 
of stamens with the enclosed style has an upward tension, so 
that if freed it springs erect and parallel to the standard; the 
claws of the wings and of the two petals forming the keel have a 
clowiiward tension and if freed from the style spring vertically 
downwards. When a bee alights on the wings and thrusts its 
head beneath the standard, the lobes at the base of the wings, 
which kept the keel in place, are pushed aside; at the same time 
the union between the upper borders of the keel is severed from 
behind forwards by the pressure of the stamina! column, and as 
soon as the splitting reaches the tip the opposing forces are given 
full pla}^' and the staminal column springs upwards scattering a 
cloud of pollen, while the wings and keel spring downwards. The 
presence of the insect prevents the column springing to its full 
height, hut the ascending style forces the stigma and instantly 
afterwards a mass of pollen against the under surface of the insect. 
If the visitor has been dusted wit h pollen in another flower , cross - 
pollination results ; as the bee creeps backwards out of the flower 
the stigma gets dusted with its own pollen. The flowers contain 
no nectar and spend all their pollen in a single explosion, after 
which the essential organs are enfolded by the standard. A similar 
mechanism occurs in G. anglica and pilosa, and also in Medicago 
and the Broom (Oytisus). 

A third type involves a piston-mechanism and is seen in Lotus 
eorniculatms (Bird’s-foot Trefoil). In the mature flower the conical 
tip of the keel is tightly packed with pollen in which the stigma 
is embedded. The five inner stamens which have withered alter 
dehiscence lie in the lower part of the keel, the filaments of the 
five outer, on the contrary, have continued to grow and now 
tightly close in the base of the pollen-containing cone with their 
swollen club-shaped ends, on which the withered anthers are still 
seen. At the tip of the cone is a narrow opening. A slight down- 
ward pressure to the keel forces the thick ends of the filaments 
(that is, the piston) further into the cone and squeezes a narrow 
ribbon of compressed pollen through the opening; a greater pres- 
. sure causes . the pro.trusion of the stigma. When the pressure, 
meases , the ihickened filaments tend to spring apart, and this, 
assisted by its own elastieity, ■■ raises the ke,ei into its origiiiai 
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position. 'The bee.by its efforts to reach the nectar gets its under 
surface smeared with pollen,.. while the. stigma also rubs, against 
it and will probably acquire pollen from, flowers .previously, visited 
as well .as from its own stamens. AniM/ttis, Ononis and Lu’piniis,^ 
are other examples of a piston-mechanism. 

Laihyrus, Pistmi, Vida and Phaseolm exemplify a fourth type, 
the style having a Ibrush of hairs which sweeps the pollen in smaif 
portions out of the apex of the keel. As the young stigma be- 
comes receptive only after being rubbed, autogamy does not 
necessarily occur where it is surrounded by pollen in the flower. 

Enantiostyly, or the existence of two kinds of flowers, often 
found on the same plant, in which the style projects on the right 
or left-hand side respectively, occurs in Cassia. Cieistogamy is 
common among Papilionatae (as in species of Ononis, TrifoUimiy \ 
Vida, etc.); this is often associated with geocarpy or production 
of the fruit underground, as is especially well seen in the Ground- 
! nut {Arachjs Jiif'pogaea) and Trifolium siibterranmni, where the 
flower-stalks grow doumwards and bury the jmiing fruits which 
ripen underground. In these species amphicarpy frequently 
occurs, that is, production of both aerial and subterranean fruit ; 
the latter generally contain only one seed. 

The typical fruit is a pod (legume), splitting in most cases 
along both dorsal and ventral sutures into a pair of mem- 
branous, or leathery, or more rarely fleshy valves. Deliiseence 
is often explosive, the valves sepanating elastically and 
tvdsting spirally, thereby shooting out the seeds, as in Gorse, 
Broom, Lahiirmim, etc. In Entada (fig. 183), some Mimosas, 
Desniodhmi and others the pod is constricted between the 
seeds, forming a lomentum which does not dehisce but breaks 
into o. 2 ie-seeded joints.- In Astfragalus it is divided- by a' 
secondary (or false) longitudinal septum. 

The pods shew very great variation in size and form ; some 
measure only a fraction of an inch, others, like Entada gigas 
(fig. 183) (Mimosoideae), are great woody structures more 
than a yard long and several inches wide. They are generally 
flattened but, sometimes round .and. rod-like, as Gama- 
fist%da, OT more or less bent, or spirally, coiled, as .in Aledicago. 

, The tribe. (Papilionatae) is characterised . by in- 
dehisce.nt^ pods which are often only one-seeded .a?" ■ . ''■’."diiged..; 
and .winged; indehiscent^ pods occur in other " genextv./ In, 

: Go?‘Miea; t.he. po.d is an inflated several-seeded bladder which 
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bursts under pressure ; it becomes detached and is blown some 
distance before bursting, or breaks and scatters the seeds 

while swaying on the plant {G. arbor escens, Bladder Scinra, is 



Fig. 183. Entada gigm ( F. scandens). A. A leaf and infloreseence, x B. Male 
flower, X 4. C. Fertile flower in section, x 4. I>. Anther with gland, x 8, 
E. Ovary cut acims, x7. F. Portion of pod, with the valve of one joint 
removed to shew" seed, x J. G. Seed cut across shewing the cavity, r, betweeiii 
the cotyledons. (From F^or. Jam.) 

a conimonly-grown shrub). The funicle often develops an 
aril, which is sometimes brilliantly coloured and, by contrast 
vdth the, dark testa, renders, the seed very conspicuous ; or 
the , seed-coat ' is bright coloured, as in the scarlet seeds of 
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Abrus precatoriiis. The testsL. is generally s.mootli, sometimes 

leathery or bony, sometimes tMn and 

, In Mimosoideae and Papilionatae endosperm is wanting or 
present in small quantity, generally filling up the space round 
the radicle. In Caesalpinioideae it may be absent or present 
in greater or less quantity, forming in the. tribe Bmihinieae 
a thin* layer round the embryo, while in the Ckissieae it is 
copious and cartilaginous. 

The embryo has generally flat leaf-like or fleshy cotyledons 
A¥itli a short radicle which is straight in the first two sub- 
families, incurved and accumbent to the cotyledons in the third. 

Seed-distribution is effected in very various ways. (1) By 
elastic dehiscence of the pod, to which we have already 
referred. In the Avell-known wall-climber, sinensis, 

the seeds are said to pe shot more than nine yards. (2) By 
the wind. Besides the winged or inflated pods, as in Colutea, 
the enlarged bladder-like persistent calyx may act as a 
carrier, as in Trijolium. fragiferumi] while some one- or few- 
seeded fruits (as species of Medicago) have a light spongy 
pericarp enabling them to be rolled considerable distances 
over the ground. (3) Animals are the agents in the case of 
fleshy pods containing seeds with a hard testa which will 
pass uninjured through the body. Such are the Tamarind and 
the fruits of the Carob-tree {Cemtonia siliqua). The various 
fleshy red, orange or yellow arils attract birds. In other 
cases pods are themselves falcate in shape, or crowned with 
a hooked persistent style, or bear hooks or spines, wdiich 
enable them to cling more or less readily to fur or wool. 

Leguminosae is the second largest family of seed plants, Com- 
positae alone exceeding it. They occur Acherever climate admits 
of growth of seed plants, and are often characteristic features of 
the vegetation. The tropical rain-forests are rich in genera and 
species of Mimosoideae and Caesalpinioideae; there are more than 
.200 species of Cassiaiw the Brazilian fl.ora. Papilionatae are mostly 
herbaceous, and fewer in number, but in subtropical forests 
arborescent forms (especially of the tribe Dalbergleae) occur along 
with those of the other subfamilies. In the regiozis of deciduous 
forests where growth is interrupted by the cold of vinter, legu minous 
trees are rare; Mimosoideae are absent from Europe; (’'aesalpinioideae 
are represented \y^ Cerms SiMpiastmm (Southern Europe to Persia), 
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wliicii occurs as far iiortli as the Soiithem Tyrol, and C,€Jime7isis.m:}d 
G. canadensis, whileXxymnoclc^^ Mid GleditscMa also occur in both. 
North America and China; Rohmia (N. America) represents Papi- 
lioiiatae. On the other hand, herbaceous Papilionatae become a 
more important feature of the vegetation, ascending into Arctic 
and high alpine regions to the limit of seed plants. Shrubs and 
iiiidershrnbs such as Ulex, Cytisus and Genista form a charac- 
teristic feature in north European and Mediterranean areas. The 
evergreen Australian bush- vegetation is characterised by numerous 
Acacias and genera of ih% Xtih^ Poclalyrieae (Papilionatae) such as 
Ghorizenia (West Australia), Oxylobkm, and others. Papilionatae 
play an important part in steppe-formations, doubtless partly 
due to their nitrogen-fixing properties. A great many species 
of Astragalus, as well as species of Oxytropis, Hedysarmn, 
OnobrycMs and others, occur in the stepx^e areas of Eastern Europe 
aiKlWestern Asia; while Podalyrieae and Genisteae are character- 
istic of those of South Africa and Australia. 

But little is known of the history of the family. From numerous 
leaf-remains which are found it is probable that all three sub- 
families existed in Tertiary periods. 

Leguminosae is one of the most important families from -an 
ecoiioniic point of view. The seeds, rich in starch and ]}roteids, 
are a widespread source of food, as in the various Beans, Pea, 
Vetch, Ground-nut {AracMs), Lentil (Ervum Lem) and others. 
Phaseolus niultiflorus is the Scarlet Runner. Species of Tri- 
folmm, Medlcago, Melilolits, Vicda, OnobrycMs and many others 
are fodder-plants. Many of the tropical trees 3deld useful woods ; 
species of Crotalaria, Sesbania, Aeschynomene and others ^dekl 
fibre; numerous species of Acacia and Astragalus gums; 
Copaifera, Hymenaea and others balsams and resins; the seeds 
of the Ground-nut and a few others yield oil. Byes are 
obtainei from Genista (yellow), hidigofera (blue), Alucuna and 
others; Haematoxylon campechimium is Logwood. Species of 
Trifolium and Lupinus, Mid Pisum sativum form a valuable green 
manure, enriching the soil in the nitrogen which they have 
acquired from the air by means of the root-tubercles. Species of 
Acacia, Cassia (Senna leaves). Astragalus, Tamarindm indica 
(Tamarind), GlycyrrMza glabra (Liquorice-root) are or have been 
used in medicine. Physostigma venemsum, the Ordeal Bean of 
Calabar, contains a strong poison. 

Among ornamental trees and shrubs are Gercfs (O. Siliquastrmn, 
Judas-tree), GleditscMa, Genista, Cytisus, Colutm, Eohinia, and 
Acacia; Wistaria sinensis is a well known 'wall-elimber ; Lathy rus 
(Sweet and Everlasting Pea), Lupinus, Galega (Gosbih-me) and 
others are garden, plants.' , 
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,Ab already indicated,, the -family is divided into three sub- 
families: the subdivision into tribes adopted by Taubert in the 
Pfianzenfamilim follows closely that of Bentham and Hooker. 

Subfamily I. Mimosoioeae. Flowers regular; calyx generally 
gamosepalous, sepals valvate; petals vaivate; stamens as many 
or twice as many as petals or oo , free or cohering: pollen-grains 
often united in packets. Generally trees or shrubs with bi- 
piimate leaves and small flowers which are sometimes sessile 
in spherical heads or cylindrical spikes, sometimes stalked in 
lax racemes or umbels. 

Subdivided into six tribes which are distinguished by differ- 
ences in the androechmi, including 40 genera; two-thirds of 
the species are contained in the two largest genera, Acmia^ 
(500 species) and Mimosa (350 species); they are distributed 
throughout the \varmer parts of the w^oiid; Acacia is more 
especially developed in Africa and Australia (the various Wattles) ; 
Mimosa is chiefly tropical and subtropical American. 

Subfamily II. Caesalpinioideae. Flow’-ers zygomorpliic ; sepals 
gen©ra% free (sometimes the two upper are united) and 
imbricate in bud; petals imbricate, the uppermost inside; 
stamens 10 or fewer by abortion, free or more or less coherent; 
ovary sometimes stalked ; embiyo with generally a straight 
radicle. Trees and shrubs, more rarely herbs, with pinnate 
or bipinnate, more rarely simple leaves; stipels absent. Flowers 
various, sometimes large and brightl}^ coloured, sometimes 
small and inconspicuous, generally in racemes, more rarel}" 
spicate. It is very difficult to delimit tribes in this subfamily. 
In the latest revision nine are recognised, in three of w^hich the 
calyx is markedly gamosepaloiis, while in the rest the sepals 
are almost or quite free. Other distinctive points are found in 
the leaves, in the number and character of stamens and the 
relation between ovary and receptacle. 

Thus Bauhinime have a ganiosepalous calyx and simple 
leaves; Eucaesalpinieae have sepals free, leaves all or some 
bipinnate, while Cassieae differ in having only simply pinnate 
leaves, and are further distinguished by having more or less 
basifixed anthers, with a terminal porous dehiscence (fig. 178, D) ; 
Kramerieae have the anterior pair of petals inodified into fleshy, 
scale-like glands; Amherstieae have leaves simply piiinate, and 
the ovary-stalk is adherent at the back with the receptacular cup . 

Subfamily III. Papilioxatae. , Flowers zygomorpMc, papiiion/ 
.aceous;. calyx generally ^ gamosepaloiis, segments ascending, 
.imbricate, often bilabiate from the greater .union of the bwo.. 
. upper and. three lower segments respectively. Petals generally 
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very unequal with descending imbrication; stamens inserted 
on the same level as the petals, generally ten, iiionadelphoiis, 
or diadelphous, or almost or quite free; ovary sessile or stalked; 
radicle generally curved and accumbent. "Herbs, or more or 
less shrubby, rarely trees, -with simple, or palmately, or simply- 
pinnately compound leaves ; stipels frequently present. Flowers 
various, mostly of moderate size and brightly coloured, sometimes 
ver}^ small and inconspicuous, solitary, or in spikes, racemes or 
heads, rarely cymose. 

Ill this subfam% also it is difficult strictly to delimit tribes. 
Habit and especially the leaf-character are the best guides to 
their recognition. Ten may be distinguished, of which six are 
represented in our own flora. 

Tribes (1) SopJioreae and (2) Podalyrieae have free stamens; in the 
former the leaves are ]iinnate, in the latter simple or palmate. 
So’plioreae has 33 genera, the two largest of which, Bopliora 
and Ormosia, are distributed through the tropics of both hemi- 
spheres; the rest are small, often monotypic, mainly troj^ical 
genera, with a restricted distribution, half of them being confined 
to the w^armer parts of America. Podalyrieae has 37 genera, 
30 of which are confined to Australia, especially the west and 
north ; Podalyria and one other are South African, the remainder 
are North American and temperate Asiatic, and one {A7iagyris) 
is restricted to the Mediterranean region and Teneriffe. 

The remaining tribes have monadelphous or diadelphous 
stamens. 

Tribe (3). Genisteae, Shrubs or sometimes herbs, with simple 
or digitately compound leaves and entire leaflets; stamens 
generally ninnadelphous. The 43 genera contain 950 species. 
A small group of genera is confined to Australia and another 
to South i^frica. The largest group contains Crotalaria, with 
350 species generally distributed in w^arm regions, and 18 
other^enera. The section Spartiinae (9 genera) includes 
Lupinus, a" large principally American gemis; SparUum with 
one species, B, junceum (Spanish Broom), a characteristic 
Mediterranean species; Genista (100 species) in Europe (three 
British), N. Africa and W. Asm; and Laburnum with three 
species ill S. Europe; the remainder occur jiriiicipally in the 

, . Mediterranean region .or South Africa.. Cytisinae includes 
Ulex^ (Gorse) and Cytisus (Broom) , which occur chiefly in Europe, 
the Mediterranean region and West Asia; the seeds of Gorse 
and Broom bear an elaiosome, a large, orange-coloured appen- 
dage rich in oil, in the region of the hilum, and are distributed 
, , by .ants. 
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Tribe, ; (4). TrifoUeae. Herbs .or rarely slinibs, with pimiately or 
rarely palmately trifoliolate' leaves, the veins geiie,rally ending 
in teeth; stamens diadelphous or soinetiiiies inoimdelphous. 

, Of, the. six genera, five are British: Ononis (70 species), chiefly 
in the .Mediterranean region extending to the Canary 'Islands 
, mth a few in IsTorth and Central Europe (two 'Britisii). Trigonella, 
70 species chiefly in the eastern part of the Mediterranean region, 
spreading north to Central Europe with one species {T, ornitho- 
podioides) in Britain, several in North Africa and temperate 
Asia, one in S. Africa and one in Australia. Meddmgo, about 
50 species in Europe, temperate Asia, North Africa, and at the 
Cape; five are British, and the Lucerne {M, sativa), an Eastern 
Mediterranean plant which has become widely naturalised, is 
also common, Melilokis, about 20 species in the temperate and 
subtropical zones of the Old World; two are British, while 
M, officinalis is a doubtful native. Trifdium., 300 species, 
chiefly north temperate, but with a fev' species on the moun- 
tains of tro|)ical Africa, at the Cape, on the Andes and in 
subtropical South America; eighteen are native in Britain 
and others (as T. incamakim) are cultivated. 

Tribe (5). Lofme. Herbs or undershrubs with pimiately three- to 
inany-foliolate leaves, and entire leaflets: stamens di- or mon- 
adelphous. Genera eight. Lotus, 90 species in temperate 
Europe and Asia, especially in the Mediterranean region, and a 
few in South Africa and Australia; L. rorniculatus (Europe 
westwards to India) and four less widely distributed species 
are British. AnthylUs, 30 species in Europe, North Africa and 
Asia; A. Vulneraria is British. Hosackia, 30 species in Western 
North America. The remaming genera are small and occur 
chiefly round the Mediterranean area. 

Tribe (6). Galegeae, Herbs, erect shrubs or more rarely trees or 
climbing shrubs, with pinnate leaves, and generally entire 
leaflets; stamens generally diadelphous. Genera 65. More than 
half the species (about 1600 ) belong to Astragalus, and the 
majority of these inhabit the temperate regions of the northern 
hemisphere of the Old World, especially the Asiatic steppes: 
a fevr ascend into the Arctic area; three occur in Britain; a 
few are found in the mountains of tropical Africa and one in 
.Natal;,, more than 200 are American, , chie.fly North .American, 

., . but" also occur In 'the Alpine regions of the " tropicah Andes in 
Ghile. There are none in Australia. They are annual or perennial 

., herbs, '., sometimes ' densely. . branched iindershnibs or shrubs ; 
many species become, thorny, by the hardening , of .the persistent 
leaf -stalk. Oxytropis, a closely allied genus, has 150 species in 
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the temperate and colder regions of the northern hemisphere; 
two occur ill Scotland. Mobmia (six species) is North American; 
M, Pseud-acacia is the ‘'Acacia’’ commonly cultivated in. 
Southern England. Golutm (ten species), a South European 
genus, includes C. arhorescem (Bladder-senna of gardens). 

Of the remainder the majority inhabit the warmer parts of 
the world, especially of the eastern hemisphere. Indigofera 
(fig. 180), Psoralea and Tephrosia are large tropical, and 
subtropical genera, especially African. 

Tribe (7). Hedysareae, with fruit a lomentum, has 47 genera 
(over 700 species) ; about two-thirds are tropical or subtropical 
the remainder occur chiefly in Europe, the Mediterranean region 
and temperate Asia, or the Andine region of temperate South 
America. The three British genera, Ornithopus^ Hippocrepis 
and OnobrycMs, belong to the Burope-Mediterranean-West 
Asiatic centre of distribution. Arachis hypogaea (Ground-nut), a 
native of tro|)ical America, is widely cultivated in warm, countries 
for the oily seed. 

Tribe (8). Vicieae. Herbs, ivith paripinnate leaves, the rachis 
ending in a tendril, or point; stamens diadelphous. Six genera 
(tw^o British). Vida (Vetch, Tare), 120 species in the north 
temperate zone and southern and western South America; 
generally climbing b}^ leaf-tendrils; 11 British; V. saliva (Vetch) 
and others are useful fodder-plants; F. Faha (Broad Bean). 
Lathy rus, 100 species, chiefly in the northern hemisphere with 
a fe^v ill South America and oh the mountains of tropical 
Africa; nine British; L. NissoUa has grass-lik© phyliodes; 
L. od>oratiis (Sweet-pea). Pisum, six species in the Mediter- 
ranean area and Western Asia; P. sativum (Pea). Lens, six 
species with a similar distribution to Pisum \ L. esculenia 
(Lentil) has been cultivated since the bronze age. Cicer. 
14 sjiecies in Western Asia; G, arietinum (Chick-pea) is culti- 
va^d4or food in Southern Europe and India. Abrus, six species 
ill the tropics; the hard scarlet seeds of A. pjrecatorms sum 
well-known. 

Tribe (9), Phaseoleae. Climbing herbs or more rarely erect or 
shrubby, very rarely trees. Leaves pinnate, generally tri- 
foliolate; leaflets usuali^^ with stipels; stamens generally di- 
adelphous. Genera 47, generally distributed through the tropics 
and warmer, parts of the earth. Phaseolus, the largest genus, has 
150 species in tro.pical and 'warm temperate regions ; P. muUP 
, /lams (Scarlet ^ and P. vulgaris (Fiencli or Kidney 

Bean), natives of South America, are widely cultivated. 
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^ ■ ■Erythrma crista-galM .(Brazil) is a handsome, garden, plant. 
PJiysostigMd venenosum (West Africa), Calabar or Ordeal Bean. 

Tribe (10). . Dalbergieae. Trees or shrubs, sometimes climbing. 
Leaves, piimately five- to many-foliolate ; stamens monadelphous 
or diadelphons; pod indehiscent, sometimes drupaceous. 
Genera' 27, almost exclusively tropical; more than half are 
confined to the N'ew World. Dalbergia (100 species) occurs in 
the tropics of both Old and New Worlds. Some are Hanes 
climbing by means- of short branches which are sensitive to 
contact. Pteromrpus santalmus yields red sandal- wmod. 

Order 15. MTRTIFLOMAE 

Flowers regular, tj^ically bisexual and cyclic, polypetaious, 
perigynous to epigynoiis ; generally 4- or 5-merous (6-merous 
in Lythraceae), with diplostenioiioiis or obdiplostenionous 
androeciuni and frequent reduction in the gynoeciuni. 
Stamens sometimes oo (Myrtaceae). Ovary multilocular to 
unilocular, with a simple style (except Haloragaceae) and 
generally numerous ovules on axile placentas. Endosperm 
usually absent. Herbs, shrubs or trees with opposite, less 
often alternate, simple generally entire and exstipnlate leaves; 
interned phloem is often present in the stem. 

This order is closely allied to the last. It is characterised 
by an increased tendenej^ to perigyny ciilminating in the 
complete union of the ovary with the floral axis in the 
typically epigyiious families. Other characters are the 
simple style, the frequency of tetramery in the flower and of 
intraxylary phloem in the stem. 

Family I, THYMELAEAGEAE ■ 

The plants are generally shrubs with much branched stems. 
Some species, inhabitants of dry countries where the vegetation 
above ground is destroyed by periodical fires, have a stout 
ascending underground woody rhizome from which new growths 
arise in the form of thick clumps of erect switch-like branches, 
wLich terminate in show^y densely-flowered heads (species of Gnidia 
and SteU&ra). '] High trees are rare, as in the Asiatic Aqiiilana and 
allied genera, as also are herbs. The leaves are generally alternate; 
they are entire, shortly stalked or sessile, iisually nanm? or 
needle-like, and often closely crowded on the stem, giving the 

/ 
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plant a heatli-like liabit. Sometimes . they are broad and flat, and 
then often have minierons parallel lateral nerves. Stipules are 
absent. The plants are generally glabrous. The family is repre- 
sented ill Britain bi^ two species oi Da^pihne, D. Laiireold (Spurge 
Laurel) and D, Mezeretmi (Mezereon), shrubs with few branches 
and flattened more or less obovate leaves and small tubular 
fragrant axillary flow’^ers. 

An anatomical character, absent only in the genus Dmpetes, 
is the presence of intemai phloem; in some genera also (as Aqui- 
laria and allies) phloem-islands occur in the wood. The very 
strongly developed and layered fibrous bast gives a characteristic 
toughness to the stems. This is especially well seen in the West 
Indian lace-bark tree, Lagetta, in which the bark separates on 
maceration in thin lace-like layers.. 

The inflorescence is racemose and of very various forms; 
sometimes a true raceme or spike; frequently a few- or many- 
flowered head, which is enveloped by bracts, recalling the head of 
a Composite ; umbels also occur and occasional^ solitary terminal 
or axillary flowers. The flowers are bisexual or sometimes uni- 
sexual, regular or rarely somewhat zygomorphic. 

The most remarkable feature of the flower (fig. 184) is the long 
tubular or urn-shaped coloured receptacle, the further development 
of which shew’-s great variety. It may fall early or persist and envelop 
the ripe fruit. In some cases the upper portion falls off at a con- 
striction leaving the lower portion which surrounds the fruit. The 
four to six sepals spring from the edge of the receptacle and are 
coloured like it; petals are absent or more or less developed in 
the form of scales alternating with the sepals round the mouth 
of the receptacle. The stamens are generally double the number of 
the sepals and arranged in an upper and lower series on the recep- 
tacular tube. Dimorphic or trimorphic flowers, differing in the 
relative length of stamens and style, are of frequent occurrence. 
The pistil consists generally of a single carpel, with a terminal or 
laterally placed style bearing a terminal stigma, and containing 
a single large anatropous ovule suspended from near the apex. 
In a few genera {Aquilaria and allies) there are two united carpels 
bearing a single style and containing a two-celled ovary, each 
chamber .with one ovule. . 

Insect-pollination is indicated by the brightly coloured, generally 
many-flowered inflorescences, the sweet scent, and the frequent 
occiirrenco of nectaries at the base of the ovary; also by the 
numerous cases of dimorphj?' or trimorphy of the flower, and the 
occurrence of dicliny or dioecism. 

The nature of the fruit varies with the manner of development 
of the pericarp, w^hich is thin, forming a dry nutlet, or the exocarp 
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is Lhick RiicI 'leatliery, or sometimes piilp^^ when the fruit, is ,a 
drupe (fig. 184). , ,A drupedike fruit is, also formed by the fleshy 
development of the ' persistent base of the receptacle. In these 
latter cases the fruit is distributed by the agency of birds;, the dry 
fruits Avhich are very light and sometimes bear hairs, resembling 
a pappus, are carried by the wind. Endosperm ,is generally 
scanty .or absent, and the embryo is large with thick convex 
cotyledons and upwardly pointing radicle (fig. 184, B). 

The family contains 40 genera 
and nearly 500 species. It is cos- 
mopolitan with the exception of the 
polar regions, but specially de- 
veloped in South Africa and Aus- 
tralia, and in the northern hemi- 
sphere in the Mediterranean region 
and the Asiatic steppes, forming 
a characteristic element of the 
vegetation of the latter. Generally 
they are dr 3 "-country plants. The 
genera are, as a rule, of limited 
distribution, with exceptions, such 
as our British representative 
Daphne, which spreads through- 
out Europe and Central Asia to fh,. 134. Hoover of Daphne 
China ancl Japan and southwards Mezermm., B. Drupe of same 

to the Indo-Malayan Archipelago. endosperm); both in vertical 

^ 1 i -^1 section; eiuarsjed. C. Floral dia- 

The small and somewhat anomalous gram of GmSa aurea, D. Floral 

genus BropefetS, a low-growing plant diagram oi Daphm, (A, B after 
with a moss -like habit, has a wide Hettstein; 0, I) after Eieliler.) 

distribution in the southern hemisphere, being represented by 
species in Tierra del Euego, New Zealand, Tasmaiiia and S.W. 
Australia, Borneo and New Guinea. 

Family II. ELAEAGNACEAE 

A small family of generally much branched erect shrubs, some- 
times trees, densety clothed with silvery, browmish or golden- 
coloured scale- or stellate hairs. The leaves are alternate or 
opposite, and entire, without stipules. The flowers are axillary, 
either solitar^r or in clusters of a few, or in short racemes. In 
Elaeagnus they are bisexual or male, in Hipjmiiliae and Shepherdia 
(North America) dioecious or sometimes diclinous. The bisexual 
and female flowers have a more or less tubular receptacle, the 
lower part as in Elaeagnus, ov the whole as in Hippopliae, en- 
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closing the ovary; in the former case there is a constriction above 
the ovary and the upper portion falls after flowering while the 
io-wer remains enveloping the fruit; in the latter the whole persists 
round the fruit. In the male the receptacle is cup-shaped or 
nearty flat. The two (Hippophae), four, or vSometim.es more 
sepals spring from the edge of the receptacle; they are valvate in 
the bud. Petals are absent. The stamens are borne at the moiitli 


of the receptacle, and are either equal in number and alternating 


with the sepals [Elamgnus), or twice 
as many (Hippopliae)v ^h.Q anthers 
are attached dorsailj^ and open 
lengthwise. Rudiments of the sup- 
pressed pistil or stamens are generally 
absent. A disc in the form of 
glandular developments of the re- 
ceptacle, which alternate with the 
stamens, is sometimes present. The 
ovary is one-cellecl, containing a 
basal anatropouvS ovule with two 
integuments, and bears an elongated 
thread-like style ending in a capitate 
stigma. The fruit is berry-Hke or 
drupaceous [Elaeagnus) from the 
development of the persistent re- 
ceptacular tube; the true pericarp 
is tiiin. The fleshy covering is often 
edible and of pleasant taste and 



Pig. 185. A. Bisexual flower of 


attractive to birds. The seed has a migiiMifolki, in vertical sec- 


hard testa and contains a straight 
embryo with thick, fleshy cotyledons 


tioji. B. Pruit of Elaeagnus, in 
vertical section; o, outer fleshy 
layer; i, inner hard layer of per- 


and a radicle pointing downwards; 
there is little or no endosperm. 
The small flowers of Hippophae are 


sistentreceptaculartube; s, hard 
seed-coat. The true pericarp is a 
thin layer between i and s. Floral 
diagrams of C, E. angusti folia. 


wind-pollinated; those of the other 
two genera have nectar-secreting 
glands, while the fairly large yellow 
or ■white sweet-scented flowers of 


bisexual flower; D, male, and 
E, female flower of Hippophae 
rJmmnoidesi d, disc. (A, B en- 
larged, after Wettstein; C, D, 
E after Eichler.) 


Elaeagnus are obviously adapted for insect-pollination. The fruits 
are admirably adapted for distribution by birds owing to their 
fleshy coat enveloping a well-protected vseed. 

There are three genera and about 20 species (more than half 
of which belong to Elaeagnus) chiefly in the north temperate and 
subtropical zone of both Old and New Worlds; a few species of 
Elaeagnus occur in the tropics in the Indo-Malayan region. They 
are generally xerophytes inhabiting steppes or sea-coasts, or 
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dried sandy river-beds. The- family is represented in Britain 'by 
Hippophai rhmrmoides (Sea-bncktiiorn), wliicli occurs in places 
on sandy sea-sliores on the east and south-east coasts and has 
been planted as a sand-binder elsewhere. It is a shrub with 
slender branches, some of which may be short and spinescent; 
the leaves are silvery beneath. The flowers are borne on the old 
wood ; the globose or oblong fruit is orange-yellow in colour. 

The family is nearly related to Thymelaeaceae, witli wdiich it 
has a similar development of the recejitacle. 

#■. 

Family III. LYTHRACEAE 

A family of 23 genera and 450 species, chiefly tropical, 
the number rapidly diminishing as we approach temperate 
regions; absent from the cold zones. It is represented in 
Great Britain by Lythrum SaUcaria (Purple Loose-strife), 
frequent in damp places from Argyll and Perth south wards, 
a second very local species (L. hyssopifoUa) confiiiecl to a few 
southerly English counties, and PepUs Portnla (Water- 
purslane), a small herb growing in moist places from Caithness 
southwards. 

In temperate climates the plants are annual or perennial 
herbs, but in wnrmer are often shrubby, and sometimes form 
trees, as in the Old World genus Lagerstroefnia^ and ’ the 
tropical American Lqfomsia. A constant anatomical character 
is the presence of internal phloem, the vascular bundles of 
the stem being bicollateral. The leaves are generally opposite, 
and aWays simple and entire, with very small stipules. The 
flowers are borne in racemes, each flower springing from the 
axil of a leaf- or scale-like bract; the two bracteoles may be 
barren, as in the subgeniis HyssopifoUa of Lythrimi, or, as in 
the subgenus branching occurs in their axils and 

a number of axillary dichasia are produced. In both cases 
further branching may occur and large compound often 
pyramidal inflorescences result. 

As in our British species, the flowers are generally 6-merous, 
a smaller proportion are 4-merous, and the rest shew varia- 
tions between 3- and 15-merons. In the tropical American 
the flowers are 9~i5-merous. They are bisexual and 
regular or, as in The receptacle is 

hollow, generally tube-like, and the sepals spring from the 
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margin; they are valvate in aestivation. An epicalyx is 
frequently present (as in Lythrufii) formed by the union in 
pairs of sepal-stipules. The petalsj which are also free, 
alternate with the sepals on the cup-margin: they have a 
criinipled aestivation, are generally fugacious and often red 
or purple in colour. They are sometimes absent, as in Peplis 
and some allied genera with small flowers, such as Ammmiia 
and Rotala, many species of -which are , cleistogamic. The: 
stamens are insertecPhn the inside of . the receptacle-ciip, 
often low down, and are generally twice as many as the sepals 



Eia. 186. A. Floral diagram of LytJinim, SaUcaria. B. Short-styled flower of 
same in vertical section, enlarged. C. Plan of inflorescence of Guphea, 
(A after Eichler; B and 0 after Koehne.) 

or petals; the inner whorl (antepetalous) may be absent, or 
further reduction occurs, as in Eotala, a small-flo veered genus 
allied to Peplis, where there is sometimes only one. 

There are two to six carpels imited to form, a superior 
two- to six-chambered ovary with a simple style and generally 
capitate stigma. The septa between the chambers sometimes 
disappear hi the upper part of the ovary. The ovules are generally 
numerous, „TOth axile placentation;, they are anatropous and 
ascending. The fruit is a capsule with various dehiscence. The 
embryo is straight with flat cotyledons (folded 'in Lager- 
and completely fills th^^^^^ 
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. Ctipliea is the largest genus, with 200 species in America, chiefly 
ill Brazil and Mexico, a few species are k,iiowii as gree,iiIioiise plan t s . 
The. fl.owers are zygomorphic from the deveiopnieiit of the recep- 
tacnlar cup into a spur on the- posterior side of the flcncer, accoiii- 
panied , by reduction in size of sepals and petals towards the 
anterior side and abortion of the posterior stamen. T,h.e plants 
are often covered with sticky glandular hairs, and the flowers are' 
borne singly between the leaves (which are opposite-decussate) at 
each node. This anomalous position of the flower is explained 
(fig. 186, C) by assuming its displacenit^t from the axil of the 
leaf in which it originates upwards through one internode, where 
it springs from the stem vertically above its own leaf but between 
the leaves at the node in question. Lythrum has 25 species, which 
are found mostly in damp places, in Europe, Asia (chiefly bordering 
on the Mediterranean and in the steppe region), Africa (chiefly 
North Africa) and America; two occur in Australia and one in 
Neiv Zealand. L. Salicaria iB one of the few species found in both 
Old and New Worlds, spreading from Europe through temperate 
Asia to Japan, and occurring also in the north-eastern United 
States and southern Canada, as ivell as in South-east Australia. 
Its flowers, which are of a fine purple coloiir, are trimorphic, 
having long-, mid-, and short-styled forms, ivith the two wliorls 
of stamens in the other tivo positions respectively. Cfl:oss-pollina- 
tion is effected by bees which seek the nectar secreted in the base 
of the receptacle. PepUshd^s only three species, one North American, 
our native species, P. Porkda, which is European, and a third in 
temperate Asia. Some genera jdeld colouring matter; the most 
important is the tropical Old World Lawsoiiia inermis, from wdiicli 
the red dye, Henna, is prepared, much used in the East for colouring 
finger-nails, etc. Pq/bewsm- (tropical America) and Lagerstroemm 
are useful timber-trees; the tropical South American Physo- 
calymma scaberrimum yields a much prized rose-coloured wood. 

Family IV/ PUNICACEAE ' ' 

The genus P?/n?'ca, regarded hj Bentham and Hooker as an 
anomalous genus of Lythraceae, is now generalty placed in a 
distinct family, Punicaceae, wdxich comprises only Wo species 
P. Granatum (Pomegranate) and P, protopimica. The Pome- 
granate is found wild from the Balkan Peninsula to the Hima- 
layas, but has been cultivated from the earliest times, and is now 
widely distributed , in warm regions . The second, species is,, a native. : 
of Socotra. Pwmca is distinguished from Lythraceae b}^ the union 
of the ovary,, with: the receptacle., .The, numerous . stamens spring 
from; the imier face .of a thickening .of the; receptacle above, the 
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ovary ; P. iirotofivnica has one series of carpels, but in P. Gra^iat/im, 
there are two or three series which are originally coiieentric, but 
ill the course of development of the ovar3r the outer heconie 
carried up so that the series become ultimate^ superposed. The 
placentatioii of the numerous anatropous ovules is origmally 
axile but following the alteration of position of the ovaiy-celis 
the placentas of the upper series come to occupy the niiddie line 
of the outer wall of the cells (compare the similar change of 
position of the placenta from axile to parietal in M ese 7 nbrya/nthe~ 
mum) . The fruit is a berry with a thick leather^?' coat, divided into 
chambers the thin walls of the carpels; the flesh” of the fruit 
is the pulpy?' outer coat of the seeds which contains a refreshing 
acid juice. The inner seed-coat is horny? and is filled by the embiyo 
which has large coty?ledons rolled one on the other. 

The plants are small trees or sometimes bushes, the twigs often 
ending in a spine ; the leaves are generally? opposite and crowded 
on short shoots; stipules are absent. The showy, generally scarlet, 
flow-ers are borne solitary or a few’- in a cluster (a cyme) at the end 
of short leafy? shoots. 

Family V. SONNERATIACEAE 

Sonneratiaceae is a small family (3 genera, 12 species), allied to 
Ly?thraceae, of tropical (Asiatic and African) trees, including 
Sowmratia, species of which occur in the Mangrove vegetation 
of tropical i^sia and East Africa; these bear the characteristic 
negatively geotropic respiratory roots which grow? a yard or more 
in height from the mud in which the roots creep. It diflers from 
Ly?thraGeae in the partial union of the ovary? wdth the receptacular 
cup and in the parietal or suhbasal placentation, Internal phloem 
is present in the stem. 

Family VI. RHIZOPHORACEAE 

A small family (17 genera, 55 species) of woody? plants, generally 
shrubs or small trees, with simple evergreen often leathery generally 
opposite leaves with caducous stipules. Many? of them form 
characteristic components of the Mangrove vegetation of muddy 
coasts and estuaries in the tropics. At high tide their lower por- 
tions are flooded by? the sea, at low? tide they rise from a soft evil- 
smelling mud. The plants shew remarkable adaptations to their 
habitat. . 1i\RM zO‘A qm the short stem, the base of wiiich perishes 
early, is supported by large downwardly curving roots, the 
exposed portions of w?hich bear numerous large lenticels wbich 
allow ready communication through intercellular spaces between 
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the' atmosphere and the' submerged portions of the roots.,. In 
species ,of Ceriops aeration is similarly effected by slender negative^ 
geotropic lateral branches wMch spring from the liorizontaily 
creeping submerged roots. The species of Bnigiiiera, which. grow 
on less exposed portions of The ..Mangrove, have a norm aUy de- 
veloped stem, sometimes reaching a considerable height, with 
correspondingly fewer prop-roots. Aeration of the. submerged 
roots is effected by knee-like upgrowths of the liorizontaily 
creeping submerged roots. 

The leaves possess in a marked degree the xerophytic striicture 
of plants associated with salt-water, having a well -developed 
water-storing tissue below the strongly ciiticularised upper 
epidermis. 

The flowers are borne singly or in few-flowered cyniose clusters 
in the leaf -axils. They are bisexual or soiiietimes unisexiiai by 
abortion, regular, and perigynous or inoi^e or less completely 
epigjmous. The floral envelope is generally 4- or 5-nierous, com- 
prising an outer whorl of fleshy or leathery persistent sepals and 
an inner whorl of petals, which are generally shorter than the 
sepals, free, and often have a claw and a more or less lobed or 
cut blade. The stamens are 8 to cc in number, and situated on 
the outer edge of a lobed perigynous or epigynoiis disc, generally 
in one series. The anthers are fonr-celled (except in M'hizo 2 )hora 
where there are numerous pollen-sacs, fig. 187, F) a.-iicl dehisce 
introrsely by longitudinal slits. According to the development of 
the floral axis the ovary is free or half- to complete^ inferior; 
it is generally formed by union of two to four carpels, and contains 
as maiiy chambers, which may however be incompletely separated. 
There are usually two ovules in each chamber, pendulous from 
a central placenta, and anatroj)ous with the micro pyle directed 
upwards and outwards. There is generally a single style with a 
small lobed stigma. The fruit is a berry, more rarely a dry 
or somewhat fleshy capsule, and is sometimes one-seeded and 
indeliiscent. There are one or more seeds, which are sometimes 
arillate. The generally straight embryo is often green, with two, 
sometimes three or four, cotyledons^ which may be more or less 
united. Endosperm is usually present. 

In the Mangrove-species the seeds germinate on the tree. By 
growth of the cotyledons, and later of the hypocotyl, the latter 
pushes through the widely open micropyle and the pericarp, 
reaching a length of 20 to 40 cm. or even a metre. In Bhizophora^ 
Getiops, and: others : it' bec.omes(d.etached by, separation. ?roni tlie 
cotyledons and falls from the tree; in Bniguiera the fruit falls 
with,; it. .The ..root-end.', penetrates,, 'the ,mud and .rapidly becomes 
attached by development of the main root or lateral roots. If 



RHIZOPHOEAOEAB 


379 



Rig, 187. Rhizophora A. Branch bearing flower and germinating fruit. 

B. Floral diagram. G. Flower cut lengthwise. D. Petal and two staniens, 
E. Side view^of stamen. F. Transverse section of anther shewing numerous 
pollen-sacs. G. Fruit; the tip of the hypocotyl protruding at the apex. 
H . Longitudinal section of a fruit; c, the cap-life cotyledon surrounded by 
endosperm ; Ii, hypocotyl which has grown through the seed-coat into the 
apex of the pericarp. I. Longitudinal section at a later stage; the sheath, -s, 
of the cotyledon, in which the plumule, p, has been enclosed, has pushed 
out the hypocotyl, /?, bearing the plumule. C-F enlarged. A, G-I reduced. 
(A-C, G after Baillon; E, F after Fhr, Bras.; H, I after Kerner.) 
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the mud is flooded the seedling .may be carried on the tide and 
stranded later. In EMzophora and Ceriops the endosperm also 
grows out of the micropyie and down over the wail of the seed. 

, The family is exclusively- tropical and mainly Old World. The 
Mangrove -species, have a wide. range of distribution; RhizopJiora 
Mangle, for example, is characteristic of the American and West 
African Mangrove vegetation; those growing inland occupy, on 
the eontrary, a verj' restricted area. 

Family VIL COMBRETAGEAE 

A tropical or subtropical family of trees or shrubs, sometimes 
climbing, with opposite entire leaves without stipules and flowers 
ill racemes. The flowers are bisexual, or unisexual reduction, 
regular with a tendency to zygomorphy, and o-nierous or some- 
times 4-meroiis. The floral axis is carried above the ovary, forming 
a tube. Sepals with generally valvate aestivation. Petals small, 
alternating with the sepals, sometimes absent. Stamens bent 
inwards in the bud, 4, 5, 8 or 10, rarel}^ go ; geiieraiiy twice as 
many as the sepals, in two series, the lower opposite the sepals, 
the upper alternating with them, the upper series sometimes 
reduced or absent. Ovary inferior and one~chambered, generally 
angled, the angles equal in number and alternating with the 
calyx-segments; ovules two to five, rarely niore, anatropous, 
pendulous from the top of the ovary on long often united fiinicles; 
micropyie turned upwards and outwards. Style one, long, filiform, 
bearing a pointed, rarely capitate stigma. The receptacle tube 
bears a disc which is sometimes hairy. Fruit leathenj’ or drupe- 
like, one-seeded, two- to five-angled, the angles often forming 
broad membranous wings. Seed without endosperm ; cotyledons 
spirally rolled or irregularly folded, rarely planoconvex. Internal 
phloem is present in the stem. 

There are 17 genera containing about 500 species, the greater 
number of which belong to Terminalia and Gombretum, 

The members of this family are rich in tannin, which occurs in 
bark, leaves and fruits; m3u:obalans (ripe fruits of 
Chehula) are an important article of commerce in India. Species 
of Termmto and others yield timber. 

^Family Vm. LECYTHIDACEAE 

A sttiaii tropical family (about 150 species in 20 genera) of 
trees with , often very large, alternately arranged, entire leaves,. ■ 
..generally .closely crowded at -the ends of the branches. Stipules- 
are wanting. An interesting- anatomical character is, the presence 
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of a series of cortical bundles which also run up as separate 
strands into the leaf-stalk and remain distinct in the midrib and 
largest lateral veins. The bisexual flowers, which are often large, 
are solitary or in simple or compound racemes. The floral axis 
and ovary are completely united, and above the calyx the axis 
forms a flat disc to which the stamens and petals (when present) 
'.re attached, and which is further variously developed inside the 
indroecium. There are generally four to six free sepals which 
persist in the fruit, and an equal number of strongly ihibricate 
petals which fail with the stamens. In the remarkable west 
tropical African Na]}oUoim there are no petals. The androecium 
shews great diversity of development; the numerous stamens are 
arranged in several whorls, often partly sterile, tt ^ members of 
which are more or less united at the base; in na the outer 

Avhorl forms a conspicuous corona-like structure, in the bud the 
stamens are bent inw^ards ; their unequal development may render 
the flow^er zygomorphic, as in Couroupita or Bertholletia. The 
ovary has generally two to six chambers, with l-x anatropous 
ovules in each; the position of the ovules is very various, being 
ascending, horizontal or pendulous. The simple style bears a 
capitate or lobed stigma. Pollination is ]3resumably effected by 
insect-agency or in some cases by humming-birds. 

The fruit is drupaceous, berry -like or capsular; often very large, 
as in the wvood}?^ fruits of Bertholletia (Brazil-nut) and Lecythis, 
In the A^'^tter the intrastaminal disc persists and fornivS a lid-like 
cover ■ '"ich separates w^hen the fruit is ripe. The embryo com- 
pletely lls the seed, and is sometimes, as in the Brazil-nut, 
undiflert tiated, consisting mainly of the much thickened hypo- 
cotyl. Til ^^.pily seeds of Bertholletia the Brazibniits of com- 
merce; those of species of the allied genus Lecythis (iSapiicaia-nut) 
are also eaten; both are natives of troj)ical America. 


Family IX. MYRTACEAE 

A large tropical and subtropical family containing 73 
genera and about 2750 species of woody plants with opposite 
exstipulate generally entire leathery evergreen leaves. They 
are generally moderate-sized or small trees, or shrubs, but 
shew every variety from small 'creeping undershrubs to giant 
trees, as the Eucalyptus, some species of w^hich attain from 
400 to 500 feet in height with a girth at the base of 90 feet. 
In Australia, which is one of the chief centres of development 
■of the family, many of the species, shew adaptations to the 
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dry climate and strong sunlight in their needle-like leaves 
with a triangular or circular section, or in the assumption of 
a vertical position of the leaf -blade by twisting of the stalk. 
Constant anatomical characters are found in the bieollateral 
vascular bundles, and the numerous spherical glands con- 
taining ethereal oil which arise lysigenousty in the cortical 
parenchyma of the young stem, beneath the epidermis of the 
leaf, as well as in the floral organs and the fruit. 



Fig. 188 . Psidiiim Quayam, A. Branch with young fruit, x B. Flower-biid, 
X 1-|. 0, Flower in vertical section. B. Stamen, x 15. E. Ovary cut across, 
X 8. F. Seed cut longitudinally shewing embryo, x 6. (After Niedenzii.) 

The flowers are sometimes solitary in the leaf -axils, as in 
Myrtle {Myrtus communis) and Gnava {Psidium Guayava); 
but generally in cymose, more rarely racemose, branched in- 
florescences. They are bisexual, regular, cyclic and generally 
epigynous (as in Myrtle, ^‘"and^ Psidium, fig. 188), but union 
between receptacle and ovarj?- is not always complete so 
.that : various degrees of perigyny occur. , The most general 
arrangement of the flower is expressed by the formula S4-5, 
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Ax., Cj(2~5). , Ihe sepals are, generally free and, ini- 
bii<3ate Auth c|uincuncial arrangement ; in some genera they 
are more or less united, and when the flower opens, may 
become rc‘giilarly or irregularly torn off like a cap. lii 
some easels, they are much reduced, and in ,inost species 
of Bueaifijkus are inconspicuous ^ or absent. The ' petals 
arc* g(*iiera|ly free and more or ■ less circular in form ; in 
]iuca!j/ptu>!^ they unite to form a cap which separates from the 






480. Envalypins (jlobuhis. A. Flower-bud; the petals form a cap of two 
layers the outer of which has been raised. B. Flow'er-bud in vertical section, 
|he outer petal-cap removed. C. Flower. D, Capsule splitting loculicidally 
I the ux)per portion. A, C, D slightly reduced; B somewhat enlarged. 

J )tacle when the flower opens; in E, globulus (fig, 189) the 
3 onsists of an inner and an outer layer. The Kstamens 
>ee and when numerous are arranged indefinitely in 
^|ls on the edge of the receptacle. More rarely they are 
.plostemonous whorls or groups isonierous with the 
or are reduced to a single who:^L.whieh is then generally 
rtioitaloiis, as in usually dorsi- 

■fYak nd vers^^ jle,_tjie Atemal 

1 pi|tfr«ffUMf^^ often occur. The li^SrSs in the bud 

'R. li,., ' ' 
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(fig. ''189,. B). ',:The' simple .'style 'is long ..and .ge,nerally kneed 
or flexnose ,in ;the bud; it -ends in a ' simple' capitate stigina. 
The ovary varies from one- to oo -chambered ,i with 2- go 
generally somewhat obliquely pendulous an^tropoiis or 
campylotropous ovxiles, situated on axile, rai4ly parietal 
placentas. , ' ' I 

:The flowers, are entoniophilous. The conspicuoiiJ^ eoloiired 
androeciuin often serves as an organ of attractiloii : an. ex- 
cellent example is afforded by the Australian Botfele-briislies 
{Callistemon), where the numerous long filaments form a 
scarlet brush many times longer than the corolla, i Several 
species are known in cultivation as greenhouse plan- 
The fruit supplies valuable characters for siibdiv|isi'on of 
the family into subfamihes and tribes, as follows ; 

Subfainil}^ I. Myrtoideae. Fruit a berry or veiy rarely- a| dru|)e. 
Tribe 1 . Myrteae. Chief genera, Myrtiis, Fsidium, Ph jEm tfi. 
Eugenia. ^ 

Subfamily II. Leptospermoibeae. Fruit dry. 

Tribe 2 . Leptospermeae. Ovary several-chambered ; frui. t 
loculicidai capsule. Chief genera, Metrosideros, Eucalyp 
CalUstemon, Melaleuca. * 

Tribe 3. Ghamaelaudeae. Floral axis produced above the c 
which is unilocular, forming a dry, generally one-seeded , 1 . 
Chief genera, Galycothrix, CJiamaelamimn^ Dartvinia^ F 
cordia; mainly West Australian. 

As a general rule only few or one of the ovules in 
chamber or ovary develop into a seed. The testa is lio. 
as in Myrtus and its alhes, or cartilaginous, leather;^ 
membranous; in some species of Eucalyptus it is wiiii^ 

The embryo which fills the seed is straight, or more or 
bent or spirally rolled. 

The family finds its chief development in two areas. Tr%s 
America is the great centre of the berry-fruited Myrteae-^^ 
Australia of the other two tribes. They also occur fifeii - 


irv. 


'•uit. 


rli- 


throiigliGut the. warmer parts of the earth but fewer iii ni 
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both of species and individuals. In S.W. and S.F. Au;' 
Myrtaceae is the ir.:;^ytmqminent family, and the large 
Eucalyppiis ancr"ofl!Ci^be_^portion of the wealt ]i (Vte so 

Australia. Myftus rt 0 gt 0 £ p 0 yigy]]!y dP tfie i\IeditciTaneageii( 
is the only jg expressed by the foriniila 
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one of tlie most widely distributed, occurring in the Avariiier parts 
of both iieiiiispheres. 

Eucahj'j^tus is valuable on account of the hard wood of many 
of its species, their rapid growd/hj-and the antipjo^etic property of 
the contained oil. They also yield a gum-resin. ‘^Cloves” are the 
dried flower-buds of Eugenia anative of the Moluccas. 

Psidium (Jtimjcwa (Guava) and other species are generally culti- 
vated in the tropics for their delicious succulent fruit. 


Family X. MELASTOMACEx\E ■ 

A considerable fainil^^ (about 170 genera and 3000 species) 
occurring in the warmer parts of the earth, especially in South 
America. It is allied to Mjndaceae but shews striking distinctive 
characters, namely absence of oil-glands in the vegetative organs, 



Fig. 190, A. Portion of infloresceiiee of Dissotis incana. R. Receptacle with 
calyx of same ; 6, stipiilar teeth of sej^als. C. Two stamens of same. D. Floral 
diagram of TiboiicMna, A slightly reduced; B, C enlarged. (A, B, C after 
Naudin; I> after Eichler.) 


prominent upwardly curving main leaf -nerves; and the anthers 
dehisty by apical pores and bear often remarkably developed 
appendages of the connective. 

The plants shew great diversity of habit, including herbs, 
shrubs or trees, root-climbers, epiphytes and marsh or water 
plants]. xAeriai roots are formed in the root-climbers and epiphytes . 
On thie roots of some of the latter (species of Pachycentria) are 
developed tuber-like swellings in 'which ants make a home. Loose 
air-coiitaiiiing tissue (aerench^nna) is formed in the submertyd 
portioi IS of the stem and roots of the marsh-inhabiting species. 
The va scuiar bundles have internal phloem, and concentric cortiGal 
and pijth bundles also often occur. The leaves are opposite- 
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decussate, rareiy wlioiied tod exstipiilate. Tiiey are often large, 
and, ill some genera eonspicuonsiy spotted or variegated, .as 
ill species of Soiierila and Berfolonia. The two leaves of a pair are 
sometimes iineqiiai (anisoxiiiylly), and this is frequently associated 
with the development in. the larger leaf of sac-like outgrowths on , 
the upper face which serve as' shelters for ants ; these dmmtia am: 
entered from the lower leaf -face. The}’ nu\y occur also on the 
leaf -stalk. In return for shelter the ants protect the iiifloresceiice 
from unbidden guests. The often showy flowers are arranged in 
cymose inflorescences. They are bisexual, regular or slightl}^ ^.ygo- 
morphic, and generally 4- or 5-meroiis with two whorls of stamens ; 
the sepals, petals and stamens are perigynous or epigynous on a 
tubular or bell-shaped receptacle. The sepals are sometimes re- 
duced to a mere rim on the floral axis, or are united to form a cap ; 
in other cases they are free and persistent. The petals are free, 
generally brightly coloured, and twisted to the right in the bud. 
The stamens are all alike, or alternately different in length and 
form, sometimes staminodial. The form of the appendage on the 
coniiectiye affords a useful character for distinguishing genera. 
The ovary is sometimes free, but generally more or less completely 
united with the sides of the hollowmd receptacle ; it bears a simple 
style and is generally chambered, with indefinite ovules. 

Pollination is effected hy aid of insects or in some cases pre- 
sumably by humming-birds. The coloured bracteoies and red axis 
of the inflorescence serve in some cases as an attraction. The fruit 
is a capsule opening loculicidally, or a berry ; the generally 
numerous small seeds are straight or bent and contain a very 
small embryo with fleshy cotyledons ; endosperm is absent. 

The berried fruits of epiphytic species are distributed by tree- 
loving birds, the seed being dropped in the excrement. 

Species of lledinilla, Cerdradenia and others are gro^Mi as 
garden flowers in the tropics, or greenhouse plants in temperate 
climates ; and species of Gravesia, Sofierila and Berfolonia foi* their 
variegated leaves. / 

Family XI. ONAGRACEAE | 

Flowers generally bisexual and regular, epigynouLs, the 
floral receptacle adhering'"- completely to the ovary aiidf being 
produced above it into the so-called calyx-tube which i>^ often 
petaloid. and sharply ■distinguished from __the ovaryL from 
which it generally becomes separated afte.r flowering; |^sepals, 
.petals, and stamens :sprmg from- its upper . edge., .Ge^^ierally 
tetraiiierous with two whorls .'of stamens./ G 
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Generally herbs with alternate or opposite exstipiilate^ 
leaves and axillary or racemose flowers. 

About 470 species in 38 genera, in temperate and sub- 
tropical regions ; a few in the tropics. 

A few members of the family are annuals ; such are species 
of Epilobimn, OlarJcm, Godetia. Others, such as Oenothera 
biennis, are biennial, forming in the 'first year a large tap- 
root. The majority are, however, perennial.^’ They are mostly 
herbaceous, sometimes becoming shrubby or arborescent 
(Fuchsia); Fuchsia apetala and allied species have a woody 
climbing stem. 



Fig. 191. Trapa mttans. A. Upper part of plant. B. Fruit. Reduced. 

(After Wettstein.) 

Jussieua and Luchvigia are herbaceous or shrubby marsh or 
water plants. The former, widely distributed in the tropics of 
both Worlds, contains aerenehyma in the cortex of the roots 
and submerged stems; frequently special respirato^L^ roots 
are developed on the upper surface of the horizontal sub- 
merged stem and reach to the surface of the tvater. 

. Trapa (W^teT Chestnut) (three' species, Central Europe to 

, , 25 - 2 ; 
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Eastern Asia and tropical Africa) 

a rosette of leaves at the surfaee of the -aater sappoitetl b; 
the inflated leaf-stalks ; the submerged stem bears at the nodes 
of finely-branched roots (fig. IMh The gen™ .s anomalous 
fn many rejects h, the family, and represents an an tent 
yp, which was more widely distributed m the Tertiary 
pSod and m later times had a wide range "' North and 
ttntral Europe, indicated by partially lossihsed trmts, a, m 

the Cromer forest-beds. j i 

In germination the cotyledons come above ground and 
toctiL as the first green leaves of the plant. A number o 
species of different genera (Oiorf it, Oenolfc™, MpMnum and 
;Lrs) are of interest from the faot that hy intercalary 
growth, a large blade resemblhig the snbseoiuently developed 
leaves in form, teitnre and hiiiriiiess is develop^ below the 
original cotvledon. The latter is then borne at the tip of the 
lei thus foin«l, and is often dehmif ed from the new growth 
bv a constrietioii. A detailed accomit will be found m 
Lubbock's Smllinip, under the family Onagraoeae.^ In 
Tram the cotyledons are remarkably unequal, the laigei, 
7fcli inTtarch, occupies the greater part of the large seed; 
the other is small and scale-like. In germination the larger 
remains in the seed while the smaller is carried up on the 
slender liypocotyL ^ i 

The leaves are simple and pinnately veined; they are 
•fxenerally undivided, with an entire or inconspicuously 
toothed margin. They are alternate, opposite or whorled. 
Gircaea has opposite leaves, but in EpiloUum the same species 

may have them both alternate and opposite. They are generally 

exstipulate, but small caducous stipules occur in Fuchsia, 
Gircaea and other genera. An anatomical featoe is tie 
presence of internal phloem in the stem. The flowers are 
often solitary in the leaf -axils, as in many Fuchsias, 
and others; they are frequently associated, as m Fpilobium 
and (Xenothera, forming large showy terminal leafy spikes or 
' raeem^,. The small white or red flowers oi Gircaea are borne 

in terminal and lateral racemes. 

The floMi'er is regular and formed on a tetramerous plan, 
S4, P4, A 4 ^-h 4,G(4), may he regarded as the typical formula, 
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of which Epilobium (Willow-herb),. Oenothera (Evening Prim.- 
rose) and Fuchsia are examples (fig, 192 , A). In Clcwkia, a 




Fig. 192. Floral diagrams of: A, Oenothera, Epilobkm, Fuchsia; B, Ludwigm 
palustris; C, Lopezia; s, stamiiiode; D, Circaea lutetkma. (After Eicliler.) 



Fig. 193. A. Flower of Epilobmm hirsutmn, the upper part of the ovary in 
vertical section, the corolla cut open and turned back. B. Fruiting shoot of 
E. ‘jiarvifiorum. G. Seed of same in vertical section, enlarged. B. Vircma 
lutetiana, flower ip vertical section, x o. (After Raimann.) 

western North American genus aaid a favourite herbaceous 
garden annual, the antepetalous stamens are often barren, 
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while in the closely allied Californian Eucliandium thej are 
absent, as also in Trapa ^hia is also the ease in Ludwigia 
(fig. 192, B), a genus chiefly North American, but one species 
of which, L. palustris, is a very rare British plant, with 
minute green apetalous flowers, occmring in boggy pools in 
Sussex and Hants. Circaea (Enchanter’s Nightshade) (fig. 
192, D) shews still further reduction, having a dimerous 
flower, the parts of which spring from the top of a very 
slender stalk-lilm calyx-tube, which adheres to the base of 
the style (fig. 193, D). 3- and 5-merous flowers also occur in 
the family. 



Pig. 194. A~C. Oediotlierahkmm. A. Flower in rerti on 1 section, x B. capsule, 
X 4. C. Seed, enlarged. I). Flower of FucJwta itmrfdhntka in vertical section, 
slightly reduced. E, Berry of F. rnicrophjlla^ x L F. Flower of Lopezia 
coro'iiata; s, staminode; x 3. (After Raimann.) 

The sepals and petals are free; the former have a broad 
base, are valvate in aestivation and reflexed in the open 
flower ; they may be petaloid in character, as in Ftichsia, 
The petals are generally convolute with a narrow insertion 
and are entire (many Fuchsias), or bilobed, as in most 
species of Epilobmm, Olarhia elegans and others, or tri- 
lobed as in ClarMa pulchella. In some Fuchsias they are 
small and scale-like, in others absent (as in F. apetala).: Tlie 
stamens, are, free ; those' of the inner (antepetalous) wfliorl are 
generally, shorter than those of the outer (antesepaloiis). The 
C'entral American^ genus Lopezia has only one fertile stamen, 
in .the. posterior plane,, opposite which is a petaloid staminode 
(figs. „ 192, . G,,194.vF). The anthers are of te.ii divided into' two. 
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{Gircaea) Qt several {Olarkia, etc,), stories by transverse plates 
of parenchyinatoiis tissue. The pollen-grains are generally large 
and spherical, have three pores with protruding stoppers and 
are connected by viscid threads. In Epilohmni they renia;in 
united in tetrads. The ovary is' typically 4-celled with axile 
placentas and numerous ovules ; the septa are often incomplete . 

• dream has a 1-2-ceUed ovary with one ovule in each cell. The 
style is simple, generally long and filiform, with the stigma 
capitate {Fuchsia), or 4-rayed (species of Epilobium, OejiotJiera) 
or notched {Ctreaea ) . The ovules are anatropoiis, and ascen ding, 
horizontal or descending. Trapa is distinguished from the 
rest of the family by its half -inferior ovary, which is moreover 
bilocular wdth a pendulous anatropous ovule in each chamber. 

The pendulous flowers of some Fuchsias are vind-pollinated, 
but most Onagraceae are adapted for insect- visits, chiefly 
of bees and Lepidoptera; they are often pollinated by night- 
fliers, in 'which case the flower is pale and opens towards 
evening (as Evening Primrose). Nectar is secreted by a 
swollen disc at the base of the style, or by nectaries situated 
on the lo-wer part of the calyx-tube. The flowers are often 
proterandrous. 

The fruit is generally a capsule splitting lociilicidally, and 
leaving a central column bearing the seeds, as in Oenothera 
and Epilobi'um ; in the Willow^'-herbs dissemination is effected 
by a long pencil of hairs at the broader (chalazal) end of the 
seed. Fuchsia has a berry, wdiile in Gircaea the indehisceiit 
i-2-seeded fruit is nut-like, and bears numerous recurved 
bristles. In Trapa it is a large somewhat top-shaped one- 
seeded drupe the fleshy layer of which soon disappears 
leaving the stony endocarp bearing twm to four upwardly- 
projecting thorns (the persistent sepals) \vhich are often 
barbed at the tip ; the barbs represent strands of sGlereii- 
chynia wdiicli remain after disappearance of the soft tissue 
(fig/ 191, B). The seeds are exendospermie. 

The family finds its chief development in the temperate zone 
of the New^ World, especially on the Pacific side. The most widely 
distributed genus Epilobmm (Willow-herb), the seeds of which 
are eminentiy adapted for distribution by means of the long chalazal 

tuft of hairs ; it contains about 160 species { 12 British), and jdi- ,eroiis 
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hybrids, spread , oyer the whole world with the exception of the 
tropics. The next largest genus ib Oenothera with about 101) species 
in North and Soiitli America. 0, biemiis (Evening Primrose), a 
.North American species, is less .commonly naturalised in Europe 
than O.PamarcHawa, which is of special^ from its association 

with Be Vries’s work on Mutations. Fuchsia has 60 species iii 
South and Gentrai America and a few in Nev' Zealand. Circaea 
is a small genus (seven species): C. hitetiana (Enehaiiter’s Niglit- 
vsliade)'is .common iii.'.the north temperate zone in clamp woods; 
a second species, G. alpina, which grows in hilly districts on the 
western side of ' Britain, extends to within the Arctic circle and to 
the .mo.imtains 'of Southern India. Several of the genera are .of . 
horticultural interest. Fuchsia {F, coccinm) was introduced from 
South America iii .1788. The ■numerous garden forms are mostly, 
'hybrids in which F. fulgens rple^js an important part. The half- 
hardy shrubby species are.varietiesnf the Ciiiiean F . macrostemma, 
a ..shrub 6-12 ft. high with a scarlet calyx. The berries of some, 
species are edible. Oenothera, ClarMa and Godetia are well-known 
border plants. 

Family XIL HALOBAGACEAE 

.. A .small but widely' distributed family- most nearly related to ■ 
Oiiagraeeae, but . differing in anatomical characters (absence of. 
iiiternai phloem and raphides) -and also in .the one -celled ovary-, 
chambers, free styles and copious endosperm in the seed. Adaptation 
to wind-poilination and a. more or less acpia tic life .have. bee,n 
factors in its development. The plants are herbs with remarkable 
differences of habit more or less associated with the mode of life. 

- They .are chiefly water- or: marsh-inhabiting, but land plants also, 
occur. Our British genus Myriophyllnm (Water ]\lilfoil) comprises 
:marsh or., aquatic .herbs, with ' generally wiiorled, but sometimes 
opposite or alternate, finely pinnatisect leaves. /Jalora^M consists 
of damp-loving herbs often reaching\a considerable size (3 ft.), 
with a„lternate or opposite'.leaves which vary from linear .to 
.broadly, cordate. Several species of Gunmera a,re enormous w^ater- 
side herbs,, with a subterranean or .'a; short stout terrestrial stem, 

■bearing large spirally arranged long-stalked leaves 'with a. broad 

cordate or reniform blade. 0, cMlensis and other species grow on 
rocks; the former, is a, handsome' plant. knowm in cniltivation^^^^ 

G. scabra, Tliedeaves , are -generally ■ exstipiilate, but. in Gwmtera 
stipules are represented by . intravaghial scales, several row^s of 
whichvstand in the axil in front-of the leaf -base; in G, niageUanicm 
they are ochreate. The stem' .of Myriophylhim sliews^ charaeterist:ic 
aquatici rptructiire— a : large- '''.cortex traversed by numerous air-. 
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containing interceliiiiar spaces, and a central axis iiniited by a 
'well -marked endodermis in which the few vascular eieiiients are 
arranged in bundles isomeroiis w-ith the leaf -traces. The short 
stout stem of Gunnera is polystelic, consisting of a parenchymatous 
groiiiid-tissiie through which run numerous vascular strands. The 
stem affords an interesting case of symbiosis from the fact that 
colonies of a vspecies of Nostoc (N, Gimnerae) penetrate and be- 
come enclosed within the outer layers of the cortex. The flowers 
are inconspicuous, with small free sepals ; the petals when present 
are free and generally larger than the sepals, and have an imbricate 



Fic. 195. A. Floral diagram of Haloragis erccta. B. Floral diagram of Gunnera, 
■jMtaloidea. C-F. Hvjypiiris vulgaris. G. Flower, x 10. D. Fruit, x 15. E. Same 
cut lengthwise; remains of style; o, outer layer; i, hard inner layer of 
pericarp; testa surrounding the large embryo; p, plug in pericarp 'which 
becomes pushed out on germination, shewn in F with portion of membranous 
testa attached. (A, B after Eichlei\) 


or valvate aestivation; the stamens are free, with short filaments 
and normal anthers dehiscing longitudinally. Except in Giirmera 
the number of ovary-chambers corresponds with the number of 
the carpels; and there is a pendulous anatropous ovule, with two 
integuments, in each ceil. In Haloragis and Myrioi^hylhiin the 
flowers are solitary or in dichasia in the leaf -axils, sometimes! 
forming spikes, racemes or panicles by the reduction of the iippei j 
leaves to bracts. Each flower is subtended by a pair of bracteoles, ; J ! 
in Gunnera they are ebracteate and crowded in large inflorescences, ’ f 
that of G. insignis from Costa Rica forming a pyramid 7 ft. liigl 
with a base 3 ft. broad. In Haloragis (fig. 195, A) the flo^ver con ! 
forms to the common Onagraceae type, S4, P4, A4 + 4, G(4), th< 
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andfoeciiiiii 'being . obdipiostemoiioiis and t lie flowers bisexual 
or iiiiisexiial, in Myrio^vyUmm. tlm^ are forineci on the .saiiie 
plan blit are generally iiionoeciGns or poh^^gainous, the upper beiiig- 
niaie and the lower female,, with the interim ‘di a t-e frequently 
bisexual. Suppression of a whorl of stamens alscj oceiirs in 
pinflhnn in the tropical genus Serpimla, while (hmnera (fig. 
PJb, B) represents a further reduction, having a flora! formula 
S2, -P2, A2, €4(2), the ovary being moreover iiiiilociilar with a 
solitary ovule. 

The iiiconspicuons flowers, with no neetar and with large often 
feathery vstigmas, suggest wind '-pollination. The fruit is a nut or 
drupe; the seed contains endosperm, often fleshy in character, 
siuTounding the embryo, which, except in (hinnem, is straight 
and cylindrical. The embiyo in Gunnera is nimiite, obcordate,. 
and buried in endosperm close to the upper end of the seed. 

The family contains seven genera, and about 160 species, and 
finds its chief development in Australasia to which Uvo small 
genera are limited; Haloragis, the largest and richevst in forms 
(60 species), is Australasian and Antarctic, a very few species passing 
into South-eastern Asia and one ascending into South America 
as far as Chile and Juan Fernandez. Mynophylluni (36 species) 
has a world-wide distribution; Gunnera (35 species) is almost 
confined to the southern hemisphere, especially South America. 
Of the two other genera, Prose rpmam is confined to North 
America, Serpiciila is distributed througii the tropics of both 
worlds. 

Family XIII. HIPPURIDACBAE 

This family comprises one genus, Hippwis^ the affinity of 
wffiich iS' very doubtful, represented by one species, H, vtdgaris 
(Mareis-tail), widely distributed through Arctic and tem- 
perate regions and occurring also in Antarctic America. 
It has been included in Haloragaceae of wdiich it was 
regarded as representing a very reduced floral type, but, if 
we except the aquatic habit, it has nothing in common with 
that familjn In addition to the floral characters, a single 
stamen and carpel, Schindler (i) points out that the stem is a 
sympodium, in contrast wdth the monopodial development in 
the other family, and suggests an affinity wdth Santalaceae. 

: Juel(2), wdio'has recently worked out the development of the, 
: .flower and fruit and The embryology, doubts whether, the 
,' 'genus. Is , rightly placed, among the, A,rcMchlainydeae, .but is 
unable to suggest any affinity with the Syiiipetalae^ 
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The plant is an aquatic herb with a stout creeping sub- 
merged rhizome from which springs the stout erect many- 
joiiited stem bearing rather closely set whorls of narrow 
entire sessile leaves. The minute solitary green flowers are 
sessile in the leaf -axils, and are borne on the upper portioii 
of the stem, Avhich projects from the water. They are typically 
bisexual, but sometimes unisexual by failure of the stamen 
or pistil to develop. The perianth is reduced to a rim round 
the top of the OAuary; the single stamen is placed niedianly 
ill front of the long slender papillose style (fig. 195 , C). The 
floAA'Crs are proterogynous and AAdnd-pollinated. The one- 
celled OAT'ary contains a pendulous anatropous owile, Ayhicli 
has been described as naked, but which duel shews to have a 
single integument the micropyle in Avhich becomes completely 
closed; aboA^e the micropyle, and tying upon the integunient, 
is a development of the funicle AA^hieh recalls the obturator 
of Euphorbiaceae and other families. The course of the 
pollen-tube is unusual (duel), passing through the funicle 
and integnment and penetrating the embryo-sac laterally. 

The fruit has a thin outer coat and a thick hard inner 
coat; the portion beneath the persistent base of the style is 
scarcely thickened, but the gap becomes filled AAdth a hard 
development of the funicle and seed-coat AA^hich forms a stopper 
and is ultimately pushed out hj the radicle in germination 
(fig. 195). The seed-coat is otherwise a thin membrane, duel 
points out that Avhen the fruit is apparently ripe several layers 
of endosperm still remain around the large straight embryo but 
absorption of the endosperm continues after the fall of the 
fruit until a f eAv layers only are left round the sides of the 
embryo Avliich are Avith difficulty distinguished from the 
seed-coat. 
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Order 16. 0PUNTIALE8 ' 

' : Family. ' CAGTACEAE 

, Flowers bisexual, regular .or ' becoming zygoiiiorpliic by 
c urving of the perianth., stamens and pistil. Sepals and petals 
not, clearly distinguished, generally indefinite and more or 
less united to form a tube, sometimes free. Stamens indefinite, 
united to the perianth-tube, rarely springing from the floral 
axis. Ovary inferior, one-celled with several parietal pla- 
centas bearing very many ovules on long funicles with two 
iiitegiunents; style simple, stigmas corresponding in imiiiber 
with the placentas. Fruit generally a fleshy one-celled berry 
with numerous seeds. Embryo straight or curved ; endosperm 
present or absent. Succulent plants with fleshy columnar, 
conical or siibglobose angular or cylindrical often ribbed and 
warted stems, which are simple or branched; more rarely 
with thinner cylindrical, sometimes rope-like, or broader 
leaf -like joints; very rarely leaf -bearing plants of normal 
appearance. Leaves usually reduced to scales, sometimes 
developed and flat or cyhndrieal in shape; generally falling 
soon ; leaf-axils often with spines and more or less hairy. 
Flowers axillary or at the end of the tubercles ; usually large 
and showy; solitary or few, rarely forming a panicle. 

The affinity of the family is very doubtful. It has been 
classed with Aizoaceae (Ficoideae); Bentham and Hooker 
{Genera Plantarum) included the t'wo families in one cohort 
Ficoidales, which was placed after Passifiorales and before 
Umbellales. Aizoaceae have however been regarded as more 
suitably placed among the Centrospermae and Wettstein also 
includes Cactaceae in that order. Engler , while retaining the 
order Opuntiales in the Dialypetalae near Myrtiflorae, admits 
an affinity, following K. Schumann, with Aizoaceae. The 
latter are mainly inhabitants of warm dry countries with a 
succulent habit in which the leaves are remarkably developed ; 
the floral structure is, except in the large genus if 
: antJimi%imyYeTj diSemnt of Cactaceae. .In Mesem- 

,; Wyantliemum ; the ovary \is inferior and the , flower . .bears a 
strong superficial resemblance. 'to .that , of a Cactus; but a 
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comparison of the two shews important ' differeiices, as in the 
relation between the perianth and androeciiiiii (see Aizo- 
aceae), the iiiinieroiis styles of M^eseMbrya7itheMum', its many-' 
celled geiieralty capsular fruit, and the farinaceous endo- 
sperm ill the seed. On the other hand, the general plan of 
structure of the flower of Cactaceae suggests a comparison 
with the Myrtiflorae. 



Fig. 196. Pereskia aculeata. A. Flowering branch, slightly reduced. B, Flower- 
bud, x 2 J. C. Fruit, slightly enlarged. (A, C after Britton and Rose.) 

The plants shew remarkable adaptation to desert con- 
ditions, which finds expression in a condensed form adapted 
to storage of water and protection from evaporation. The 
seeds germinate rapidly ; germination may begin in the fruit, 
as in P'hyllomctm. The seedling either bears fleshy cotyledons, 
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m m Opmitia, the stem becoming fleshy and leafless im- 
mediately above them,' or the cotyledons are iindeveloped, 
dbBiir 31 amillmicL 

/ Per esMa approaches a normal dicotyledonous growth, 
having a much-branched woody stem with broad, more or 
less flesli}^ leaves (fig. 196); in Opwntia the iiaiTOw fleshy 
leaves sometimes persist but generally fall early, and in the 
.remaining genera the leaves are either very small .or .un- 
developed. ■ .Except in the. leafy. Pereskias . the work of 
assimilation is carried on by the simple or branched flattened 
or columnar stem, the surface of which is increased by the 
development of tubercles. One of the most striking features 
is the development of spines which are borne upon the 
tubercle, generally at the top, and shew remarkable variety 
in size and form. The spine-bearing area at the tip of the 
tubercle or along the ridges or edges of the coliminar or 
flattened stem is known as the areole (figs. 197, 198, 199). 

Various interpretations have been given as to the morphology 
of the tubercle and the spines ; the general course of development 
suggests the following view. The lateral shoot originates soon 
after the leaf, not in the leaf -axil but upon the leaf-base ; and leaf- 
base and axillary shoot form one structure, the tubercle. The 
tubercles may unite in vertical rov'S to form ribs, in the formation 
of which the stem may take part (flgs. 198. 199). The variation in 
height and form of tubercle and rib determines the amouiit of 
assimilating surface. The spines correspond to leaves and are 
borne dorsiventraliy at the growing point of the lateral shoot, 
which is sunken and i3rotected hairs and is either carried up 
entire by the growth of the tubercle and comes to stand final!}" 
at the tip {Opiintia, Cereiis, JUcJmiojms) or may split into two 
parts (species of EcJimocactus, 3Iamillaria), one part going up on 
the tubercle and producing spines, the other remaining behind, 
in or near the leaf -axil, to produce a branch or flower. 

The presence of transitional structures between spines and 
leaves, found in Opwntia indi^^ leaf- 

character of the former. Darbishire(2), however, working on 
3iamillafia elo7igata, x^gB^^ the tubercle as representing only the 
leaf-base, and the spines as modified portions of the leaf-blade; 
and Eridolph(5) shews that the spines in Opimtia mdssotiriensis arise 
in the leaf-axil and from the epidermis, so that in this case they 
are trichonies Schumann (6), partly owing to the large numbers 
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wMcli are prodticed on the shoot, was unable to compare the 
spines with leaves, and regarded them as emergences. 

In Opwitia,^ hi addition to the. spines, slender barbed 
bristles (glochidia) are formed on the inner side of the ape.x 
of the axillary shoot, which are homologous with the spines 



Eic. 197. Opimtia Tuna. A. Segment of stem bearing a flower-bud, open flower 
and young fruit, x B. Areoie shewing the spines embedded in wool 
and the glochidia, f/, slightly enlarged. C. Upper part of a glochidiumj 
enlarged. D. Flower in longitudinal section, slightly enlarged. E. Fruit 
in longitudinal section shewing the seeds embedded in pulp, slightly re- 
duced. F. Seed, X 3. G. Seed in longitudinal section shewing the curved 
' embryo. 

(fig. 197, C). In the section OylindropimUae each, spine is 
.commonly covered with a thin sheath, formed by the union of 
a layer of .hairs. In somecases the spines are "weak or even hair- 
li.ke {Pilocereus), and in species of Mamillaria the epidermis 
develops hairs so that the spine becomes, featlier-like. In 
others, as in Leiichtenbergia^ they, are flat' and paper}^ In 
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species of PeresMa some are modified to form hooks for 
climbing. In species of Opuntia, Maniillaria, Cereus and 
others, Ganong (3) fomid among the spines glands which exude 
nectar; these were shewn to be metamorphosed spines. 



JFig. 198. Cereiis jlagelUformia. A. Shoot bearing a flower, slightly reduced. 
B. Mower in vertical section. G. Fruit of C, tfiangulm'is, cut open and 
shewing the numerous small seeds embedded in pulp, x I). Seed of 
G. granddflomSf enlarged. (A and B after Trew; C after K. Schumann.) 

The great variety in the size, form and arrangement of the 
spines suggests a . variety in fnnction. Apart' from a pro- 
tective character and as a means, f or redneing transpiration,.' 
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it has been shown (r)arbishire(2)).that"m M :elongata th^ set 
of spines by which the tubercles are crowned acts as a screen 
protecting the iiiiderljhng tissues from the strong suiiliglit ; 
a similar function is performed by the set of hairs at the top 
of the leaf of Mesmibryanthe'rrmm stellatum. 

The xerophilous character of the plants is also expressed 
in their anatomy. The thick epidermis has a strong cuticle 
with sunken stomata; beneath is a collenchymatoiis hypo- 
derma, and below this the chlorophyll-containing tissue. 
There is a great development of pith and cortex, consisting 
of large round pitted water-storing cells, often containing 
mucilage. The fibro-vascular system conforms closely to the 
external form of the stem ; the xylem consists of ringed and 
spiral tracheids, and there are no amiuaLrings. All the 
tissues retain for a long time a capacity for growth, a fact 
which explains the ease with which the plants can be repro- 
duced vegetatively or shoots be grafted on stems of another 
species. 

The flowers are produced rapidly during or at the close of 
the rainy season, and shew no special adaptations to a dry 
climate. Branched inflorescences occur in Peresida, where a 
terminal panicle is produced, and also frequently lateral 
panicles from the axils of the upper leaves. In the great 
majority of Cactaceae the floAvers are solitary and spring 
from the middle of the upper part of an areole or behind it. 
In species of Rhipsalis several flowers develop successively 
from an areole. The ovary is inferior and more or less deeply 
siiiiken in the flower-bearing stem (fig. 197, D). It contains 
a large chamber lined by thickened placentas, which corre- 
spond in number with the stigmas. The surface often bears 
leaf -scales, which may be present in such quantity as to 
form a closely imbricating covering (e.g. in Echimcactus 
concimvus) ; as in the case of the leaves on the vegetative stem 
they often bear in their axils hairs, bristles, or even spines 
(figs. 196, 197, 198). The homology of the exterior covering 
of the ovary- wdtli the stem is especially plain in cases where, 
as in Peresida Bleo and often in Opuntia, new flowers or 
■leaf-shoots spring from ■ the leaf-axil. D. S., Johnson(4) has 
studied 0. fulgida with special reference to the perennation 
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.and proliferation of .the fruits. Fruits of soiiie.Opuiitias are 
.known to remain attached to 'the plant and to grow actively 
for several years; iwO.jnlgida this condition is carried, still 
farther, for not only does the fruit remain on the tree without 
shedding its seed, but both the ripe fruit and the unripe 
ovary may give rise to flowers and another crop of fruits. 
Four or five generations of fruits may thus be formed on a 
plant during one season. When a ripe fruit falls to the 
ground, it may put out adventitious roots and shoots, and 
so produce a new plant. The fleshy joints of the stem readily 
break off, sprout and form new plants, strongly resembling 
those produced from the end of the stem enclosing the sunken 
ovary. The numerous ovules are generally attached to a 
long funiole; several or many of the funicles become united 
below forming a much-branched bundle, which springs from 
the placenta. The ovules are anatropous and usually curved 
towards the funicle, which becomes broader near the micro- 
pyle and envelops it in a fold. The sides of the funicle often 
bear upwardly directed papillae, which probably serve as 
conductors of the pollen-tube. In Opimiia and the closely 
allied Nopalea the ovules are enclosed in a development of 
the micropylar fold of the funicle. 

The floral envelope does not shew a distinction into calyx 
and corolla. It is radial in erect flowers, but tends to zygo- 
morphy in oblique or horizontal flowers. In the latter the 
generally very elongated perianth-tube and the stamens 
become curved. An extreme case is foiind in EpipJiylhm, 
where the flower is two-hpped. The number of the floral 
leaves is generally very large, and they usually unite below 
to form a long tube (fig. 198). In Rhipsalideae (fig. 200) and 
Opuntieae (fig. 197) the tube is very slioid and the floral 
leaves may be almost or quite free. 

The low^er floral leaves often resemble sepals, being green 
and having a thicker consistence than the upper more 
delicate and w^hite or coloured leaves. In Echinopsis mid 
many species of Ecliinotacins the perianth-tube is covered 
W'ith oveiiapping scales, wdiich may bear bundles of hairs and 
long spines in. 'their, axils '.as in the. case of. the ovary; the 
scales become larger above and pass' intO' the petaloid leaves. 
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The larger sepaloid and petaloid leaves do not bear hairs or 
spines in the axils (see also, fig, 198). The stamens are always 
more than ten, generally -the number is very large. They 
usually spring from the perianth- tube, arranged either in a 



Fig. 199. 21elocaciMS commwnis. A. Plant bearing flowers and fruit, x | . B. A single 
areole, slightly reduced. C. Flower in longitudinal section, x 2|. B. Fruit, 
slightly, enlarged. ' 

regular spiral or in groups,; often a ring of shorter stamens 
surrounds the throat of the tube. In Epiphyllmn trunmkim 
an inner " series of about twenty stamens springs from the 
receptacle and these are united to form a tube, from the throat 
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of wMcli a iiieiiilbraiie projects on^the inside, foriiiiiig a pro- 
tection for the nectar. The anthers are attached at the base 
or on. the back. When two groups of stamens are present 
the anthers of the low^er are usually somewhat larger than 
those of the- upper. The t\¥o-chambered anther opens longi- 
■ tiidinally , either tow^ards the inside or on the side. The 
pollen-grains are very small, yellowy spherical, wdth three 
small germ-pores, and usually smooth. The long slender style 
ends in twn to many, usually thick, soft papillose stigmas. 

We have little knowdedge of the biology of the flower. The 
large, bright-coloured, often sweet-scented flowers suggest 
adaptation to the visits of insects. They are proterandrous ; 
when the anthers open the stigmas are appressed, but separate 
later and become erect or spreading and overtop the stamens. 
Many hybrids have been formed by artificial pollination; as, 
for instance, in the genus Pliyllocactus, 

The fruit is usually a fleshy berry, except in Echinocachis, 
where it is often dry. The soft flesh is derived from the outer 
wall only, as in Pereskia, Opimtia (fig. 197, E) and Bhipsalis^ 
or the funicles sw^ell and form a considerable part of the soft 
flesh as in Oereus (fig. 198, C) and Ilamillana. 

The fruits are often sweet and pleasant to the taste ; a fact 
which doubtless conduces to their distribution bj^ animals. 
Those of the epiphyte Rhipsalis Cassytha (fig. 200) resemble 
Mistletoe-berries in appearance, and contain a mucilage 
which facilitates the distribution of the seeds and their 
attachment to branches of trees. 

The interior of the ripe fruit contains a hoDiogeneoiis mass 
enclosing the usually numerous seeds (figs. 197, E, 198, C). 
These vary in form, being either flat or roundish, quite smooth 
or pitted or warted. The coat is usually black and shining; in 
Optmfc (fig. 197, F) and WopaZea pale or brownish with a 
more or less evident flattened margin. The embryo may be 
curved or spirally rolled and often associated with a greater 
or less amount of fleshy endosperm, especially in those species 
which have true leaves or flat stem-joints;' in species with, 
cylindrical or spherical stems it is generally straight, and often 
shews little or no differentiation and there is scarcely any 
endosperm.: , 
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Tlie chief centre of distribution is in the dry districts of 
the warmer parts of America, especially of Mexico, hicludiiig 
the temperate and colder part, as weil as the iieighboiiriiig 



Eig. 200. Ilhi 2 isaUs Cmsyiha. A. Portion of x^lant bearing fridts at the ends of 
branehlets, slightly reduced. B. Flower, x 2|-. C, Flower in longitudinal 
section, x 5. D. Fruit, x 5. E. Seed in longitudinal section, x 20. 

portion of the United States. The dry campos of the interior 
of Brazil are also the home of many species, and the Andiiie 
district contains some characteristic forms. In North America 
O^yunfda penetrates as far north as. 59° lat., and in 'South 



406 


FLOWERIISTG. PLANTS 


America the family is represented as far south as Patagonia. 
They also reach a considerable elevation on the moiiiitains, 
,.3000 to 4000 metres' on the- Andes and the mountains of 
Mexico. On the mountains of ■ Colorado species of Opuntia 
and EcMnocadus are exposed during the whole year to frost. 
In cultivation in Europe many species last through the winter 
out-of-doors. Several genera occur in the West Indies. The 
epiphytic genera BMpsalis, Epiphyllmm and PhyUocactus 
occur in the tropical x4merican forests, especially in Brazil. 
The family is represented in the Old World by a few species 
of BMpsalis in tropical x^Lfrica, Madagascar and the Mascareiie 
Islands, including B. Cassytha, which is widely distributed in 
tropical America. Species of Opuntia have long been natural- 
ised in Southern Europe and the warmer parts of the Old 
World, and have spread so widely as often to give the appear- 
ance of true natives ; in ilustralia and South Africa they have 
become a pest owing to their rapid vegetative propagation.. 
Species of Cereus are grown in Mexico, and elsewhere in the 
warmer parts of America, for their sweet fleshy fruits, as 
is the prickly pear (Opuntia Ficus-indica) in the south of 
Europe. The latter is also often grown as a hedge. In the 
dry parts of Mexico, the southern United States and Brazil 
the large Echinocactuses and the Opuntias are used as 
water-containing fodder for cattle. The cultivation of the 
cochineal insect on Nopalea coccineUifera, Opmitia Tima and 
other species was formerly of very considerable commercial 
importance. • 

Owing to lack of knowledge of the flower and fruit of many of 
the species and the difficulty of x^reserving the plants for com- 
parative study in the herbarium, the systematic arrangement of 
the genera has presented much difficulty. It has been necessary 
to make more use of vegetative characters than is msuaiiy done 
in defining the various gron|)s. A further difficulty is ] 3 resented 
by the numerous transitional forms between the different types 
of vegetative structure. In recent years Britton and Rose (i) have 
made a detailed study of the family, based as far as possible on 
Jiving material. While maintaining the same three main groups 
as those adopted by K. Schumann in the PfMnzenfamiUeni%: thej:' 
take a much narrower view as to the limitations of the genera, of 
which they recognise about 100 as compared with 23 recognised 
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by Schiimami. Tlie genera' fall ' into three subfaiiiilies of very 
unequal size : ' . , , ^ . 

I. Pereskioideae. Plants with broad flat leaves aild flowers 
stalked and generailjr panicied. One genus PeresJcia, 19 species, 
from Mexico and the West Indies southwards to Paraguay and 
Argentina. 

II. Opijntioideae. Succulent plants usually much branched, 
with round or flat leaf -like stem-joints; ‘leaves small and 
generally fugacious ;glochidia present. Flowers sessile, general^ 
rotate. Cotyledons large, Britton and Rose recognise seven 
genera and at least 300 species, more than 250 of which belong 
to Opnntia. The subfamily is more closely related to the Peres- 
kioideae than to the Cereoideae; it is widely distributed in 
America and the West Indies. 

III. Cereoideae. Succulent plants, terrestrial or epiphytic; 
stems simple and one-jointed or mucli branched and many- 
jointed; joints globular to cylindrical, columnar or flattened, 
sometimes winged or leaf-like, often strongly ribbed or tubercled. 
Leaves usually -wanting on the stem, sometimes small and 
scale-like, but usually xiresent as scales on the ovary or perianth - 
tube. Spines usually ]3resent exce^it in the epi|:)hytes. Flowers 
sessile, generalljr with a jperianth-tiibe. Cotyledons usuali}^ very 
small. This subfamily contains most of the genera and more 
than three-fourths of the species of the family and shews a 
much greater variety of structure in both stem and flower than 
the twm preceding subfamilies ; the genera are grouped in eight 
tribes. Principal genera: Cereus, Phyllocactus, Bpiphylhim, 
Echmopsis, Eckmocereus, Eclvinocactus, Melocmtus, Leuckten- 
bergia, Mamillana, BMpsalis. 

Pereskia is undoubtedly nearest' to '-’je original steiii-form of 
the family, and Opimtia and the allied 3 nera have diverged from 
it though still closely connected wdth y. Ganong(3) has depicted 
in tree-form the derivation of the eoideae from Opimtia, re- 
garding the columnar species of Cere/uJ as nearest to the primitive 
form of the family. His view on the xihylogeiiy of the genera is 
based partly on a comparative study of the embryos and seedlings 
of the family, from which he concludes that there is on the 
whole a progressive condensation in bulk and diminution of 
surface effected by the increasing approach to a spherical form 
of the hypocotyl’ and dimimition of the cotyledons, which is 
accompanied by a condensation in the adults due to increasing 
adaptation to a desert habitat. ‘ ‘ There is however this impoitant 
difference to be noted between the two series, that in the pro- 
gressive condensation the embryos lag behind the adults, and this 
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is plainest in the diminution ■ of the cotyledons. Thus in O^nmtia 
tlie leaves are very evident in 'both adults, and embryos, but even 
here the cotyledons have diminished from those of Pereskia less 
than have the leaves of Optmtia diminished from those of Pereskia; 
ill Cereiis this is 3-pt more evident, for here the cotjdedoiis are still 
large and broad, while the leaves of the adults are reduced to 
small scales and often are but tinj^ rudiments. In 'EcM/mcadm 
the cotyledons are still somewhat prominent, but the leaves of 
the adults are represented onty as microscopic rudiments soon 
merging into the stem in later growth, while in MamMarm the 
leaves are as in EeMnocacUis, and the cotyledons themselves are 
nearing the vanishing-point'' (Ganong). 
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Biuhende Kakteen (Iconographia Oactacearum), by K. Schumann and Max 
Gubke (continued by F. Vaupel), 1900-5, is a series of coloured 
plates, with descriptions, of species in cultivation. 


Order 17. UMBELLIFLOBAE 

Flowers typically bisexual, regular, cyclic (polypetalous) 
and epigynous, generally 4- or 5-merous with one series of 
stamens (episepalous), and carpels often reduced to two. 
Calyx more or less reduced. Ovule solitary in each chamber 
of the ovary, pendulous, anatropous, with one integument 
and an outwardly directed micropyle. Endosperm copious; 
embryo small. 

Flants woody or herbaceous with alternate (opposite in 
Cornaceae), often large leaves with a sheathing base and no 
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stipules. Flowers generally timbellate. Oil- or resin-passages 
are often present. 

The order is characterised' by a simplification in the floral 
structure— great reduction in the calyx, a character frequently 
■associated with opigyny, a single staminal whorl, reduction 
of the caipels to two, and a single ovule, in ' each cell of the 
ovary; and a tendency to the aggregation of 'the flowers in a 
head, a biological factor of great importance in facilitating 
the visits of insects which finds its most complete expression 
ill Compositae. Araliaceae and Umbelliferae are closely 
allied ; Coriiaceae stands somewhat apart, the secretory 
passages characteristic of the other two families are rarely 
present, the leaves are generally opposite, the number of 
carpels is less constant and the position of the micropyle 
varies; this family shews striking resemblances with the 
tribe Smnbuceae of the sympetalous family Caprifoliaceae 
lyhich is distinguished only by the union of the petals. 

The first two families shew marked affinities with Cela- 
strales and Rhamnales in the small size and general structure 
of the flower, as evidenced by the single staminal whorl, the 
conspicuous disc and the solitary ovule in the ovary-cell ; the 
position of the ovule is however different, while in Rhamnales 
the stamens are opposite the petals. The order may be 
regarded as allied to these but representing a further develop- 
ment in the direction of epigyny accompanied by aggregation 
of the inconspicuous flowers. 

Family I. ARALIACEAE 

Generally trees or shrubs, the former often with a tail simple 
stem and a crown of large leaves giving a palm-like habit, as in 
Tetrwpmiax papyrifer, a native of Formosa, from the pith of which 
Chinese “rice-paper” is prepared. The shrubby species are some- 
times climbers wdthoiit special climbing organs but attaching 
themselves to stronger plants by short branches, or, as in the Ivy. 
(Hedera) by special climbing roots. A few'" are herbaceous. The 
leaves are often crowded at the ends of the branches, usually 
alternate, rarely opposite, generalty with a broad sheathing Base; 
the}^ are often ver}?" large and palmately compound, or simple and 
entire or more or less palmately or pinnateR divided. Different 
forms of leaf may occur on the same plant, as in Ivy, wdiich has 
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a lobed shade fomi/., while leaves fully exposed to the light or 
borne on the inflorescence are entire; in other species tlie form of 
the leaf varies with the age of the branch. Stipiiiar structures are 
often present in the form of a membranous border or a liguiar 
structure above the sheath or as narrow lateral appendages of the 
leaf-base. Schizogenoiis passages containing resin or gum occur 
in root, stem and leaf. Stellate hairs are also of frequent occurrence. 

The flowers are generally small, whitish, yellow or greenish^ 
often ill much branched showy inflorescences coinposecl of umbels, 
heads, racemes or spikes. Thej are bisexual, often with a tendency 
to unisexualit}^, regular, and generall}” pentanierous. The calyx is 
generally inconspicuous and represented by a narrow seam which 
is quite simple or bears more or less conspicuous teeth ; in Meryta 
it is absent. The petals are generally attached by a broad base; 
the usiiall}^ pointed tip is sometimes incurved in the bud ; 
they fall when the flower opens, either separately or several 




Fio. 201. Hedera Helix. A. FIo\v(?r in vertical section, eiilar^^ed. B. Floral 
diagram. G. Fruit. D. Seed in vertical seetion, (,‘nlarged. (A, 1) after 
Strasburger; B, G after Le Maout and Decaisne.) 

together or in the form of a cap. The stamens are equal in number 
to the petals, rarely more. The ovary is generaiiy completely 
inferior, bears, a flat or swollen nectar-secreting disc, and contains 
as many chambers as there are petals, sometimes fewer or only 
one, rarely more; the styles are free or united into a column, or 
absent, the stigmas then being sessile; there is a single pendulous, 
anatropous ovule in each chamber, and the microp^de is directed 
outwards . The fruit is generally a five-chambered berr}^ or drupe ; 
it sometimes separates into mericarps when ripe. The smail embryo 
lies at the upper end of the seed ; the endosperm is sometimes 
niminate. The flowers of Ivy are visited by small flies, bees and 
moths which are attracted by the nectar freely, exposed on the disc. 

The family contains 63 genera with about 700 species and is 
mainly tropical with; two, great’centres- — the Indo-Malayaii: region 
and: .tropical A,merica----each of; which is characterised by distinct 
genera.'. It is represented in Europe: by Hedera HeHx (Ivy) ' (fig. '201):. 
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Tobier^, in a recent monograpli, recognises six species of Hedera: 
H. Helix in Europe, and Asia Minor to Persia; H. poetumm in 
Greece; H. cananensis in North Africa and the West African 
Islands; H. colcliica iwm the Black Sea to Persia; H. himalaica, 
Hiiiiala 3 ?'as, with a variety in Southern China; and II. japonica 
in J apaii and Korea. Many forms of Ivy are known in cultivation. 
The Aralia,” commonly grown as a room -plant, is Fatsia japonicdy 
a monotypic Japanese genus. The CMnese “Ginseng’’ is’ the root 
of Panax Ginseng^ a north-east Asiatic species. 

Family II. UMBELLIFERAE . 

Flow^ers usually bisexual and regular, according to the plan 
85, C5, AS, G(2). Sepals, petals and stamens free. Qyar}^ 
bilocular, surmounted by an epigynous disc; styles two; 
ovules with a single integument, solitary and pendulous in 
each cell. Fruit of two indehiscent dry mericarps ; seed with 
copious endosperm and minute embryo. 

Herbs with usually hollow internodes; leaves alternate, 
compound, rarely simple, exstipulate ; petiole with a broad 
sheathing base. Flo\vers small, in simple or compound 
umbels. 

Genera about 270; species about 2700. Cosmopolitan but 
chiefly north temperate. 

The family consists almost entirely of herbs, which may be 
small with a creeping filiform stem as in Hydrocotyh vulgaris 
(Penny- wort), but wdiich have generally an erect stout hollow 
stem, often several feet high (as in species of Heracleum), or 
sometimes (as in species of Angelica) form gigantic plants 
wdiich are the principal feature of the landscape. The leaves 
also shew great variety of form. They are generally piniiately 
compound, and branching of the lamina may be continued 
to the fifth or sixth order; but palmate division also occurs, 
and, though rarely, simple leaves. Leaf -characters are used 
to delimit the primary divisions of an artificial key to the 
^ genera. Thus the British species, representing 35 genera, fall 
into four very unequal groups, as follows : 

1 . Simple leaves: including only Hydrocotyh 202), 

■ with long-stalked peltate leaves, bjiA Buplem'mrhy'v^Ath 
entire sometimes perfoliate leaves. . 

^ Tobier, P. Jena, 1912. 
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2; Leaves palmate .or simply teriiately divided: Sanictda ■ 

. and Astrmitia, leaves palmately lobed or partite; Eryn 
gimn (fig. 205), leaves spiny- toothed ; Pmcedmvum (sectioii ' ' ' ' ■ 

Imparatona), leaves trifoliolate. r 

3. Leaves simply pinnate, rarely compoinid at the base;.*' 
eight genera. 

4. Leaves bi- to tri-pinnate or bi- to tri-ternate: the ; 

, remaining genera. . f 



Fig. 202. Hydrocotylc a/^iatka. A. Portion of plant bearing flower and fruit. 
B. Young intlorcsceuce, the central flowerdnid only is seen emerging from 
the involucre of two bracts, x2|, C. Older inflorescence, x 21. J5. Flower, 
X 4. E. Fruit, x 4. F. Fruit cut across, x 7 ; c, cotyledons. 

Certain South American species of Eryngkmi and the 
Australasian Acipkylla are remarkable for their monocoty- 
ledoii-lika leaves, which with a narrow parallel-veined blade 
and broad sheathing base recall those of Agave and BromeUa. 
Hydmcotyle and allied genera have membranous stipules at 
the leaf -base. A genus, Psetidocamm, which climbs weakly 
by its petioles, occurs on Mt Ruwenzori in tropical Africa. 

There is also a wide range in the duration of life. The plant 
may be .monoearpic, either passing through its life-history' in 
one. season, m AetJmsa Gynapimn (FooVs .Parsley),, nr, ac- 
cumulating strength for -twm or more seasons before floweri,ng ; 
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siicli are tlie biennials,: as Daucus Carota (Carrot) ^ while 
Ferula has a vegetation-period of several years. Polycarpic 
species persist by means of subterranean tubers or rhizomes 
or a thickened stem-base; as in species of Heradeuni, Peuce- 
(lanum and Angelica. The south temperate genus Azorella 
(fig. 203) has a caespitose habit, forming dense cushions 
which may be several feet in diameter and persist for many 
years. Shrubby species are rai^e, but occur in Bupleurmn (in 
the Spanish B, spinosum the branches are short and spine- 
like) , and several members of the Australian genus Trachymene. 

Both the main axis and the lateral branches end in an 
iiiflorescence ; the former is generally the more strongly 



Fig. 203. Azorella glabra. A. Portion of plant, slightly rednced. B. Involucre 
surrounding a single dower. C. Same in fruit. B and C enlarged. (After 
Weddell.) 

developed, giving the characteristic habit of many of our 
common Umbellifers. In Hydrocotyle, and other genera with 
a creeping stem, inflorescences are borne only on lateral 
shoots. 

An anatomical feature is the presence in all the organs 
of ethereal oil-, balsam- or resin-canals. Differences in the 
arrangement and structure of the vascular bundles and the 
bands of collenchyma afford characters which are more or 
less constant in individual tribes or smaller groups. 

•V/ The uinbnllah^^ is a very constant character- 

istic. The arrangement and relative growth of the main axis 
and its branches afford characters which are often of generic 
or specific importance. The compound umbel is the com- 
monest form, but simple umbels also occur (most species of 
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Hydrocotyle (fig. 202) mAAstrantia (fig. 204)) ; very rarely is the 
umbel reduced to a single flower as in species of Hydrocotyle, 
and Azordla (fig. 203). In Eryngkim (fig. 205) the flowers 
are crowded into dense heads siu-rounded by a whorl of rigid 
bracts; each flower is subtended by^ a bract. A terminal 
flower may be present, as in Carrot, where it differs from 
the rest in its form and purplish colour. The presence or 



Fifi. 204. Astrantia major, A. Inflorescence, slightly enlarged. B, Male flower, 
x7. C. Same viewed from above; note the long sepals, the petals turned 
in to^vards the centre of the floww, and the stamens emerging in succession. 
D. Bisexual flow^er, after pollination, X 5. E. Same in vertical section. 


absence of bracts, and their character, also afford useful 
distinctions. When present they form a wlioii— the in- 
volucre — at the base of the rays of the compound umbel, or 
at the base of the partial umbel — the involuceL They are 
fewer in number than ■■ the rays or flower-pedicels, and 
represent', the, bracts subtending the outer pedicels. Either 
the .involucre or the involueei or, both may , be absent. The 
simple ,uinbel of Astrantia (fig, . 204, A): ;is, ,enveloped by a., 
large, often coloured involucre. 
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The floral development is remarkable for the fact that the 
stamens appear first, followed generally by the petals, and 
then, the sepals. Often, however, the calyx is only slightly 
indicated. The rudiments of the two carpels appear last; at 
first separate, the}?' become united at their edges, while the 
roof forms the characteristic glandular disc or stylopoAimn^ 



Fig. 205. Eryngiiim foetiduni. A. End of flowering shoot. J3. Leaf, slightly 
reduced. C. Single head, x 2|. D. Flower in vertical section, x 16. E. Fruit, x 10. 

from which the styles groAV out (fig. 206, F). The solitary 
ovule is pendulous and anatropous, the raphe being ventral, 
and has only one integument. During its development the 
ovary increases considerably, becomes inferior by intercalary 
growth of the receptacle and forms the most conspicuous 
organ of the whole flower; one of the carpels points towards 
the centre of the umbel, the other radially outwards. The ^ 
•calyx is much,.,, .smaller than, .the corolla, and is of ten,,,, only 
iiidic.ated by inconspicuous, -.teeth, on the upper edge of the 
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ovary; in Smiiculeae {Erynginm, Astrmitm, Sanicula), where 
they are best developed, the sepals are' slightly imbricated 
with I aestivation. Similarly in the corolla, the aestivation 
is .open, valvate, or rarely imbricate with a | arrangement,: 
according to the breadth of the petals. The form of the apex 
of the petal, which is often pointed, the length of the point 
.and its degree of inflexion in' the biid afford characters for 
distinction of genera. The long slender filanieiits of the 
stamens are bent inwards in the bud; but are ultimately 
spreading. The anthers are basi- or dorsi-fixed, and the pollen 
is ellipsoidal with smooth poles and three equatorial stoppers, 
indicating points of egress for the pollen-tube. 

The flowers are rendered conspicuous by the aggregation 
of large numbers into more or less dense infloi’escences, the 
circumferential flowers of which are often sterile (male) and 
zygomorphic, the outer petals being much larger than the 
inner of the same flower and of the other flowers of the head. 
This arrangement recalls the development of ray-florets in 
Conipositae. The flowers are generally white, sometimes pink 
or yellow (Parsnip, Fennel), very rarely blue; they are rarely 
scented; on the other hand, the whole plant has an ethereal 
odour which probably serves to attract insects. Nectar is 
secreted on the disc in the centre of the widely-open flower 
and is thus easily accessible to the smallest flies. Cross- 
pollination is necessitated by the very general well-marked 
proteraiidry; the stamens may have all clehisced and shed 
their pollen before the flowers of the same umbel have spread 
their styles and developed the stigmas. Crude (in tbe 
Pflanzenfamilien) distinguishes the following types : 

1. Flowers almost homogamous, the maturing of the stigmas 
following quickly on that of the stamen, as in Hydrocotyle vulgaris . 
Self-pollination is rendered possible by the rapid spreading of 
the styles (which are bent imwards in the bud) and the develop- 
ment of stigmatic papillae before the fall of the stamens. 

2. Strongly marked pr oterandrous -dichogamy, the most common 
type, alluded to above. The flowers of the last-developed lateral 
umbels are often male., 

3. Andromonoecism. Both bisexual and male flownrs are present. 

: Examples are Torilis Anthriscus, Astrantia and Scandix Pecten- 
Veneris ; the male are often distiiigiiislied by their longer stalks. 
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4. Monoecism oceiirs in the genus Ecliinojyliora (South Europe, to 
West Asia) and allies, where a central female flower is surroiuided 
by male umbels. 

5. D'wecism, in Arctopus (South Africa) and species oi Aciphylla 
(Antarctic). 

6. Stamens more or less aborted in the flowers of the main umbels ; 
flowers of the lateral umbels male; as in Ferula, wheTe the main 
umbel of the stem and its primary branches bear numerous 
flowers ill which the stamens are .riidiinentary as the flower 
opens, the anthers are often aiiparently fertile luit contain few 
or no functional pollen-grains. The maie lateral umbels develop 
later. 

The fruit is crowned by the rim of the calyx and the 
remains of the style, and divides into two dry one-seeded 
iiiericarps in the plane of union of the two carpels. Befoi'e 
falling, the two mericarps often hang for a time on a thin 
simple or forked stalls, the carpophore. The form and structme 
of the mericarps shew great variety and supply characters 
for the distinction of genera and larger groups. A transverse 
section of the fruit shews five vascular bundles in each 
mericarp, corresponding with which are five longitudinal 
ridges on the surface — the primary ridges ; between these five 
secondary ridges may occur. Betw^een the primary ridges, or 
inside the secondary ridges when these are present, run oil- 
ducts (vittae — produced schizogenously). The line separating 
the mericarps is known as the commissure. 

The endocarp is sometimes woody, forming a nut-like 
fruit as in Hydrocotyle (fig. 202, F); or more often of soft 
tissue. The pendulous seed has a membranous coat and 
usually adhei'es to the endocarp. The dense endosperm con- 
tains oil (not starch) and occurs in three different forms 
which supply useful systematic characters. In the greater 
number of the genera (Orthospermae) it is flat on the ventral 
side, as in (Parsley) (fig. 206, D); in others 

{Gampylospermae) it has a longitudinal groove on the ventral 
side, the transverse section being more or less a crescent, as in 
Gonium {?kg. 206, B) , CJmerophjyllum (Chervil) ot Anthriscus] 
while in others {CoelospermaSi it is concave on the ventral 
side, as in (7ona/?i6?mw. 

: Distribution of the mericarps- is- assisted- by the wdng-like 

27 „ - 
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development of two or more of the ridges, as in Heradetmi 
and Angelica (fig. 206, E) ; or by the development of spines 
or bristles, as on the secondary ridges of Daueus (Carrot) 
(fig. 206, G, H) or Caucalis, w'hich render the mericarp liable 
to be dragged off and carried by birds or mammals. Occa- 
sionally the mericarps separate elastically from one another 
and from the top of the carpophore. 



Fig. 206. A. Fruit of Chniuni macidatum., B. Same in (*ross-s<‘etiuiL C. Fruit 
of Petroselinum saivvum. f). Same in cross -sect it »n. 1^. Fruit of Angelit'a 
offi(iin(du' in cross-section. F. Flower, G. Fruit of Ctirofa in vertical 

section. H. Fruit of same in cross -section. I. Single mericarii of PimpuicUa 
Animm, enlarged, e, endosperm; o, oil- passage; th(‘ black clots, h, indicate 
vascular buiidies. (A-E aftcu* Berg; F-H aftcn* Bailltm; T after Drude.) 

In germination the cotyledons are rapidly carried above 
ground and become green. Species of Co?iopodiiifn and 
B'unmm have only one cotyledon. 

The family occurs mainly in the northern hemisphere, 
from the subarctic to subtropical regions; in the tropics it 
occurs on the mountains, and reappears, but in smaller 
numbers than in the northern, in the southern hemisphere. " 

Characters for a natural division of the family are obtained 
from the fruit. 

Three subfamilies are distinguished : 

I. HvDROCOTyLOiDEAE. Fruit with a wood}?' endocarp with no 

free carpophore. Vittae absent or sunk in the main ribs only. 

Mainly southern: hemisphere. Hydrocotyle, .with 78 species, 
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f almost cosniopoiitaii but mainly southern. H. vulgaris (British) 

occurs Europe, West Asia and North Africa. Azorellu, with 
100 species mostly Andine, has a characteristic cushion-like 
habit. 

II. Sanicitloideae. Mericarps with soft parenchymatous endo- 
carp ; exocarp rarely smooth. Style surrounded' by a ring-like 
1 disc (stylopodium). Vittae various. Eryjujinm, 200 species in 

temperate and sul3tropical regions ; E. maritimuni (Sea-holly) ; 

1 Astmntia; Sanicula; 8. euro^gaea (Sanicle) is widely distributed 

I in woods in Europe, North ilfrica and Western Asia. 

I III.' Apioideae. Mericarps with soft parenchymatous endocarp, 

^ sometimes with subepidermal layers of wood-fibres. Style on 

the apex of the stylopodium. Vittae various. Contains the 
great bulk of the genera and is subdivided into tribes by 
characters derived mainly from the form of the mericarp, the 
form and arrangement of the ribs and vittae, and the structure 
of the walls. 

^ The following are the more important tribes of this »subfami]y 

and a few of the genera : 

Scandiceae. AlyrEiis, (Europe to Central x4sia, Chile), if. odoraia 
(Cicely); Scandix; Ghaerophyllum (Chervil); Anth.riscus; mainly 
Europe to West or Central Asia. 

Tn sativum (Coriander), Mediterraiieaii 

1 Bmyrnl.ae. Gonium, C\ maculatum (Hemlock), north temperate 

Old World. 

Anmineae, ^Buplem'um, north temperate and subtropical (four 
British), one species South African, has simple entire leaves; 
x4pmw, world-wide, A. (Celery) ; Central 

Europe and Mediterranean, P. sativum (Parsley); Carum, north 
temperate, G . Garui (Caraway) ; Gicuta, north temperate , G. virosa 
(Water-hemlock); Pimpinella, almost world- wide, but mainly 
Mediterranean and Western Asiatic; Eoeniculum, mainly Medi- 
^ terranean, F. vulgare (Fennel); Aethusa Gynapkmi (Fool’s 

1 Parsley), Europe, North Asia. 

Peucedaneae. A (mainly north temperate and subarctic) ; 
’’ Ferula (Mediterranean and Central Asia) affords various guin- 

resiiis, asa-foetida and galbanum; Peucedanum, north tepi- 
perate, extending to Central America and tropical and South 
. Africa; Pastinaca, Europe to Central and North Asia, P. sativa 
(Parsnip); Heradeum, north temperate, mountains of tropics, 
H. Sphondylium (Ho’g-weed). 

■ Daiiceae. Baucus, widely distributed, largely Mediterranean, 
P. Oaroto. (Carrot). 
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Family III. CORNACBAE 

Chiefly shrubs, sometimes arborescent, climbing in some 
South American species of Griselmia; Cornus suecica and 
0. canadensis are perermial herbs -with a creeping under- 
groimd rhizome. The leaves are opposite, more rarely alternate, 
simple, stalked and exstipulate. The small regular cyclic 
flowers are bisexual, or sometimes unisexual by reduction, 
and are arranged in cymose inflorescences of very various 
forms. Study of the development of the inflorescence shews 
that a terminal flower is always originally present on the 
main and lateral axes, but often does not develop, so that the 
mature inflorescence has the form of a panicle, umbel or 
head; sometimes it is corymbose, as in Dogwood {Cornus 
sanguinea). The head may be surrounded by a large leafy or 



Fig. 207. Cornus 'mas. A. Flower in vertical section, x 4. B. Floral diagram. 

0. Fruit in vertical section, slightly enlarged. {A, C after Harms.) 

petaloid involucre (as in C. suecica and canadensis). In 
Helwingia the few-flowered inflorescence springs from the 
middle of the leaf -blade ; this, as Payer shewed , is due to 
the development of the leaf -base wiiich carries up with it the 
axillary bud. We may regard as the typical floral arrange- 
ment that represented by the formula S4, P4, A4, G(2), which 
occurs in Cornus and other genera. The number of petals 
varies from three to five and the stamens eq[iial them in 
number. The carpels vary from one to five ; the female flower 
of Aucuba^ has one carpel only. 

The calyx is generally but slightly developed, consisting of 
small teeth or lobes, or is reduced to a seam; in 'Helwingia it 
is quite xmdeveloped. The petals have, with few exceptions, a 
valvate aestivation. The dehiscence of the anthers is lateral 
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or, more rarely, introrse. The top of the inferior ovary bears 
a disc; the simple style ends in a generally lobed stigma; the 
number of ovary- chambers corresponds with that of the 
carpels, and each contains one pendulous ovule with a dorsal 
or (in Cuftisia and Mastixia) ventral raphe. 

Pollination has been studied mainly in Gomus, most of the 
species of which are homogamous, the stamens and stigmas 
maturing simultaneously; the nectar lies free on the disc and in 
many species the smell of the flowers is attractive. The most 
freeiiient visitors are Hymenoptera, then flies and beetles. Cross- 
pollination is favoured by the position and difference in ieiigtli of 
the style and the stamens which are touched by different parts of 
the insect’s body; small creeping insects cause both self- and 
cross -pollination. The wide spreading of the stamens favours 
crossing between neighbouring flowers of an inflorescence. The 
flowers of G. suecica and canadensis dxt. proterandrous ; the capitate 
inflorescence is rendered conspicuous by the involucre. Insect- 
pollination is probably general in the family but Griselima Ut- 
toralis is said to be wind -pollinated. 

The fruit is generally a drupe, but a berry in Aumha and 
Griselinia ; there are generally one to two, rarely to four seeds. 
In three closely allied species of Cornus (forming the section 
Brnthamia) the ovaries are united and the fruits form a 
fleshy syncarp. 

There are 10 genera and about 115 species, the great majority 
of which are northern extratropicai. The largest genus Gornus has 
about 50 species, chiefly in north temperate regions. Gornus 
sangninea (Dogwood), and C. suecica ^ a small perennial herb 
grovdng on alpine moors, are British. The umbel of minute purphsli 
flowers of 0. suecica is subtended by an involucre of four coii- 
spiciious white bracts. G. mas ]3roduces its heads of small yellow 
flowers in early spring before the appearance of the leaves; the 
drupes, wliich are about the size of an olive, are sometimes made 
into a preserve, Aucuba has three closely allied species in the 
Himalayas and Eastern Asia; A. japonica, a common , garden 
shrub, is dioecious. Kaliphora has one, and Mdanophylla three 
species in Madagascar. Gorokea has three species in New Zealand ; 
they are much-branched shrubs with branches often twisted and 
interlaced. Griselinia has six species in New Zealand; Chile and 
Brazil ; they are trees or shrubs, often climbing, with thick leathery 
alternate leaves and minute flowers. Helwingia and TorriceUia, 
each with three species, occur in the Himalayas, China and Japan. 
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The two genera G'urtisia {one species in South Africa) and Masfdxia 
(16 species of trees in the tropical forests of Further India and 
Malaya) are distinguished from the other genera hy the ventral 
position of the raphe, which causes the micropyle to be on the 
side away from the placenta (extrorse). 

A number of fossil species of Cornus have been described from 
leaf -remains ; a few from the later Cretaceous, but the majority 
from Tertiary strata, 

Ooriiaceae are closely allied to the Caprifoliaceae, in which they 
were included by Kunth ; the resemblance between the flower of 
Cornus and that of Vihwrwum, and Sambums is very close, the 
former differing from the latter in having the petals free. In a 
tree-like arrangement which depicted the true relationships of 
families these two would stand near each other. 

Several other genera were formerl^^ included in tliis family (as 
in the Pflanzenfamilien), bnt in the light of more recent investiga- 
tion have been removed. Garry a is now classed with the Moiio- 
chlaniydeae; Nyssa, Gamptotheca Mid. Davidia, forming the family 
I^yssaceae, and Alangmm, constituting the family Alangiaceae. 
are regarded as more nearly allied to the Mjndifiorae. 

REFERENCE 

Waxgeeik, W. I)as PflanzenreMi, iv, 229 (1910); see also Engier’s Botan. 
Jah'h, xxxvni, Beiblatt 86 (1906). 

See also Horne, A. S. A ConiribiiUon to the Study of the Evolution of the 
Flower^ witli specml reference to the Hamamelulac^ CaprifoPm^^^^ and 
Cornaceae. Transact. Linnean Society, (Bot.) viii, 230 (1914), 
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Geabe C. SYMPETALAE 

The following orders are characterised by greater or less 
iiiiioii of the lower portion of the petals, either as the result 
of lateral union or by the development of their common base- 
on which the stamens are generally also carried up ; associated 
with this is the presence generally of only one integiinieiit to 
the ovule. The union of the petals to form a shallow or deep 
cup, funnel or tube, is obviously an adaptation to pollination 
by insect-aid. More efficient protection and concealnieiit is 
thus ensured for the nectar, the pollen and the “essentiaT’ 
organs generally. The sympetalous families represent, generally 
speaking, a higher jstage of entomophilous floral adaptation 
than the dialypetalous; and in several orders very great 
specialisation has been attained in the more advanced nieiii- 
bers ; for instance, Labiatae in the Tiibiflorae, Asclepiadaceae 
in the Contortae, Compositae in the Campanulales ; the 
specialisation running on different lines in the different 
orders. 

Associated with sympetaly is a progressive reduction in 
the number of whorls in the flower (the cyclic arrangement 
is general), and of parts in each whorl. The first four orders 
differ from the remainder in having a regular typically peiita- 
cyclic fiow^er, that is with an outer and inner whorl of stamens, 
and characters recur that are associated with the Dialypetalae 
— freedom of petals, freedom of the stamens from the corolla, 
and a double integument in the ovule. These families are 
generally hypogynous but a greater or less tendency to 
epigyiiy occurs in each order. The remaining and greater 
number of orders have tetracyclic flowers, and in each a 
progressive adaptation to entomophily is worked out, often 
embodying reduction in number of parts in association 
with greater specialisation. The adaptation runs on different 
lines : in different orders. Thus in Oleales^ and Contortae 
the flower remains regular, but in Tubiflorae the tendency 
to zygoniorphy is ■ the leading character associated with 
reduction in the staminal whorl. In the great majority the 
iiumber of carpels is reduced to two, and there is also a 
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greater or less tendency to the reduction of the iiiiinber of 
o¥iiles in each oyary-chamber. Two orders., , Riibiales and 
C'anipaniilales, are distinguished from the remainder by an 
inferior ovary and are also characterised in their more 
advanced representatives by a tendency to aggregation of 
the flowers. This culminates in the capitular inflorescence of 
Dipsacaceae and Compositae, where associated with the taking 
over. of the protective functio.n hy the involucre of bracts is 
the reduction or late development of the catyx, wtiicli be- 
comes functional only in the fruiting stage, and the pro- 
gressive differentiation of the flowers of the head into an 
outer often purely attractive zygomorphic flower and an inner 
generally small and regular seed-producing flower. In the 
higher members of these two orders reduction of the ovary 
becomes complete, and it is a single cell containiiig one 
ovule. In Caiiipanulales, which is regarded as representing 
the highest grade of adaptive floral development, the pollina- 
tion-mechanism is associated with more or less complete 
lateral cohesion of the anthers. 

The consideration of the sympetalous orders together after 
the dialypetalous is largely a matter of convenience and must 
not be regarded as implying that they form a distinct natural 
class. Sympetalous genera occur here and there widely 
distributed throughout the dialypetalous families, and the 
occurrence of dialypetaly has been noted among the typically 
sympetalous orders — especially those which we regard as 
representing a less advanced stage of adaptation. In a 
thoroughly natural system the sympetalous orders should 
follow those dialypetalous orders^ with which they are most 
nearly allied. But it must^ibe born^ in mind that the sym- 
petalous orders can rarely, if ever, be traced from existing 
dialypetalous orders. At preseiitJali that we can say vitli 
any approach to truth is t&t certain orders of Sympetalae 
probably represent an adymced stage of the development 
characteristic of certain or(i^rs l)f Dialypetalae.' The consider-' 
able differences, of opinirab^as to phylogenetic relationships, 
among botanists who* Iwe. carefully studied the orders of' 
vSeed-plants, and even the differences of opinion of one and 
the same worlmr ’at . different periofis, . would . suggest the 
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advisability for the present - of merely indicating possible 
lines of development. 


A. Pbntacycligae. 


Order 1. Ericales. 

Family I. Cietliraeeae. 

„ II. Ericaceae. 

5 , III. Pyolaceae. 

„ IV. Epacridaceae. 

„ V. Diapensiaceae. 

Order 2. Priimilales. 

Family I. Theoplirastaceae. 
„ II. Myrsiiiaceae. 

j, III. Primiilaceae. 


Order 3. Pliimljaginales. 

F amily Plimibagiiiaceae. 

Order 4. Ebenales. 

Family L Sapotictac 

„ 11. Ebeiiacoae 

„ III. StyraCvU<.a(‘ 

„ IV. Symplocac-tae. 


B. Teteacyglicab. 

(a) Supe7'ae. 

Order 1. Oleales. 

Family I. Oleaceae. 

,, II. Salvadoraceae. 


Order 2. Contortae. 

Family I. Loganiaceae. 

„ II. Gentianaceae. 

„ III. Apooynaceae. 

„ IV. Asclepiadaceae. 

Order 3. Convolviilales. 

Family Coiivolvulaceae. 

Order 4. Tiibiliorae. 

Family I. Polemoniaceae. 

,, II. Hydi’ophyllaceae. 
„ III. Boraginaceae. 

,, ■ IV. Verbeiiaceae. 

„ V. Labiatae. 

„ VI. Nolanaceae. 

„ VII. Solanaceae. 

„ VIII. Scrophulaiiaceae. 
„ IX. Selaginaceae. 

„ X. Globulariaceae. 


Order 4. Tubifiorae (contd . ). 
Family XI. Orobanchaceae. 

„ XII. Gesiieriaceae. 

„ XIII. Pedaliaceae. 

„ XIV. Ma-rtyniaceae, 

„ XV. Bignoniaceae. 

„ XVI. Lentibnlariaceae. 
XVII, Acanthaceae. 

Order 5. Plantaginales. 

Family Plant aginaeeae, 

{h) Ififerae. 

Order 1. Rubiales. 

Family I. Riibiaceae. 

„ II. Caprifoliaceae. 

„ III. Adoxaceae. 

„ IV. Valerianaceae. 

„ V, Dipsacaceae. 

Order 2. Campamilales. 

Family I. Camparmlaeeae. 
„ 11. Goodeniaceae. 

„ III. Stylidiaeeae. 

,, IV. Compositae. 


A. PENTAGYGLIGAE 

Flowers regular, with- typically five isomeroiis whorls, 
conforming to the formula Sn,- Pn, An +ui, G{n),; n .often 
being 5; one of the staminal whorls may be rudimentary or 
suppressed, and. in other cases additional whorls are foriiied. 
The pentacyciic orders may be regarded as those most 
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closely allied to tlie Dialypetalae; tliO: petals are sometiims 
free, in Ericales the stamens are generally free from the corolla 
with a hypogyiious insertion,, and in Primiilales the ovule 
has two integuments. 

Order 1. ERICALES 

Flowers bisexual and regular conforming to the formula 
Sn, Pn, An[-j- n], G(n), where n is 4 or 5; generally ob- 
diplostemoiious. Stamens generally free from the petals, and 
inserted like the latter at the edge of a usually hypogyiious, 
nectar-secreting disc ; petals sometimes free. Carpels generallj^ 
opposite the petals; ovary superior to inferior, generally 
multilocular with axile placentas bearing numerous ovules: 
ovule with one integimient; style simple. Seeds small con- 
taining a straight embryo surrounded by endosperm ; embryo 
undifferentiated in Pyrolaceae. Usually shrubb}^ plants with 
simple often leathery persistent leaves, chiefly in cold and 
temperate climates. 

The order represents a comparative^ imadvanced state of 
sympetaly still retaining characters of the Dial 5 ^petalae. 
Thus the petals are sometimes free, as in the small famih^ 
Clethraceae (containing one genus Clefhra, widely clistributed 
in the w'arnier parts of both hemispheres), frequently in 
Pyrolaceae, and occasionally in Ericaceae. The stamens are 
generally free from the corolla and in two series ; Epacridaceae 
represents a more advanced type with petals constantly united 
to form a tube and a single whorl of generally epipetalous 
stamens, and the same obtains in Diapensiaceae, where 
how^ever a second whorl of stamens is sometimes indicated 
by staminodes. Diapensiaceae is also of interest from the 
reduction in the number of carpels to three. In the most 
recent edition of his Syste7n (1924) Engler separates this 
family as a distinct order, Diapensiales. 

The subfamily Vaccinioideae of Ericaceae is exceptional in 
having the ovary inferior, but its close resemblance in other 
characters with the subfamily Arbutoideae forbids its separa- 
tion iroin the Ericaceae, and, it .must therefore be regarded 
as representing an advance, , in the. direction of simplifica- 
tion of the flower, on the other members of the order. 
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Family I. CLETHRACEAE 

Contains the single genus Clethra, with about 30 species widely- 
distributed in America from the Atlantic United States, throiigli 
Central America and the West Indies to Brazil, and occurring 
also in Eastern Asia and Madeira. They are shrubs or sniaii trees 
with alternate leaves and flowers in terminal racenies or panicles. 
The flowers are bisexual, regular, with five persistent sepals, five 
free deciduous petals, and obdiplostemonous with Uvo whorls 
of five hypogynous stamens. There is no disc. The anthers 
dehisce by a pair of apical pores. The three carpels form a superior 
three-celled ovary containing in each chamber numerous aiia- 
tropoiis ovules on club-shaped outgrowths of the central placenta. 
The style divides above into three stigma-bearing branches. The 
fruit is a three-valved capsule opening loculicidally, the septa 
separating from the central column. The small seeds have a loose 
testa and a fleshy endosx3erm round a short cylindrical embryo. 

Family II. ERICACEAE 

Flowers bisexual, generally regular, 5- to 4-merous, ob- 
diplostemonoiis. Petals sometimes free, situated W’ith the 
stamens on the outer edge of a hypogynous or epigynotis 
nectar-secreting disc. Anthers introrse, the halves free and 
often spreading above, often appendaged, dehiscing by 
apical pores or slits, pollen in tetrads. Carpels opposite the 
petals, united to form a 5- to 4-chambered ovar}?-; style 
central, simple, elongated, with a capitate stigma ; placentas 
axile, bearing each 1-qo anatropous or obliquely amphitropous 
ovules. Fruit generally a many-seeded capsule, sometimes a 
berry or a few-seeded drupe; seeds small or minute, con- 
taining generally copious endosperm and a cylindrical, often 
very sliort embryo. 

Woody plants, shrubby or sometimes arbor esGeiit, with 
alternate, opposite or wliorled leaves, which are often needle- 
like, and frequently stiff, leathery and, evergreen. Flow^ers 
solitary in the leaf-axils, or in lateral or terminal racemes or 
panicles. 

Genera 80 ; species about 1350. Temperate and cold regions ; 
iiiouiitains in the tropics. 

Ericaceae are generally woody plants, sometimes' wfith a 
slender' creeping stem as^ in Bilberry {Vaccimum), or forming 
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low bushes like our native -Heaths, or of larger size sometimes 
even becoiiiiiig arborescent, as in some Rhododeiidroiis., 

The teiideiicj^ for the strongest shoots to end in an in- 
florescence causes vigorous lateral brancliing, as in the 
Rhododendrons, from just beneath the flowering shoots, 
often resulting in a synipodial growdli, or, as in many Heaths, 
from the lower branches; sometimes, as in Vaccinnmi and 
Andromeda, new shoots break through the ground from a 
widely-creeping subterranean rhizome (compare the mode of 
growth in Pyrola), The nature and development of the ter- 
minal bud also lead to differences in habit. In the true 
Heaths (Ericoideae) the new^ season's growth on a leafy shoot 
follows without a break on that of the past season, the closely 
arranged leaf-whoiis succeeding without the intervention of 
bud-scales; in the Rhododendrons, and generally in the other 
subfamilies, the foliage-leaves in the terminal bud are pro- 
tected by bud-scales and the more rapid growth of the lowTr 
part of the shoot i^esults in the separation of the foliage of 
successive seasons by a number of long naked internodes, 
above which the spirally-arranged leaves form a more or 
less dense rosette. Endotrophic mycorrhiza in association with 
the roots is of widespread occiuTence in the family, and in 
Calhma vulgaris (Ling)^ the fungus has been traced from the 
roots through the plant to the ovarj" and fruit, wiiere it is 
associated with the seeds and thus serves to infect the next 
generation ; the fungus has been found to occur in the fruit 
very generally in the family. 

The leaves shew^ wTll-marked xerophytic characters ; in the 
Heaths, which flourish in open situations in temperate and 
colder climates, they are needle-hke, and often deeply grooved, 
forming an almost closed chamber on the under side; in the 
other subfamilies they are generally stalked and more or less 
elliptical in shape, with an entire margin, often leathery and 
evergreen, with a strongly cuticularised upper epidermis, and 
often , containing w^ater-storing tissue betw^een it and the 
green, assimilating layers;' characteristic: hairs .frequently 
occur on the lower epidermis. 

1 Kayner.M. C. “Obligate symbiosis in Calluna inilgwmr" Ammh of Botami, 
XXIX, "97 ■( 1915 ). ■ ' ■, 
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The leaf -anatomy affords characters which are found to 
be of value in distingnishing genera and sometimes even 
tribes. They are founded on the arrangement of the chloro- 
phyll parenchyma, the presence of water-storing tissue, the 
arrangement of the stomata on the lower face, and the 
structure of the hairs. 



Eig. 208. A. Vaixinkim MyrtillU’S, flower cut vertically. B. F. Yitis-idaea^ 
diagram of a pentamerous flower. C. Arctostwphylos U'va-ursi, flower in 
vertical section (upper part of corolla not shew). D, E. Side and front 
views of stamen of Arbutus Unedo. F. Stamen of Vaccmiwm Vitis-idaea. 
G. Stamens and pistil of Erica caffra. All enlarged. (A after Engler; 
B after Eichler; C after Warming; I)-G after Briide.) 

The flowers are sometimes solitary and axillary or terminal, 
but are generally arranged in few- to many-flowered racemose 
inflorescences at the end of the branches, as in Rhododmdmn 
(an umbel), Arbutus (a panicle), or on small lateral shoots 
(Erica) ] a bract and pair of bracteoles are normally present. 
They are regular, or in Rhododendron (fig. 209) slightly zygo- 
morphic with stamens of unequal length and bent downwards 
towards the mouth of the flower (decimate), and conform whtli 
few exceptions to the formula. Sn, Pn,. An + 11 , G(n), with four 
or five members in each whorl; the androecium is obdiplo- 
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steinonoiis, and tlie carpels .■ are opposite tlie petals. ■ The 
corolla is usually more or less bell-shaped; in the Ericoideae 
it persists, becoming dry after' fertilisation. 

A characteristic of the flower is the iiectar-secreting disc, 
on the edge of which the corolla and stamens are separately 
attached; it varies in form in different genera. There .is great 
variety in the form of the anthers, according to the degree 
of separation of the halves; the shape and position of the 
apical pore or slit and the absence or presence and form of the 
horn-like appendages affording useful systematic characters. 

The conspicuous bright-coloured corollas, the presence of 
nectar, and the scent, render the flowers attractive to insects, 
and the position of the sticky stigma projecting beyond the 
introrsely dehiscent anthers favoims crossing. Our British 
Heaths are good examples of bee-flowers; the stigma which 
protrudes at the mouth of the pendulous flower is first 
touched by the insect, which in probing for nectar at the 
base of the flower touches the anthers or their appendages 
and shakes out a shower of pollen from the apical pores. 

There are four subfamilies ; the distinctions are based chiefly on 
the position of the ovary and the character of the fruit and seed. 

Subfamily I. Rhododendroideae. Fruit a septicidai caj^sule; 
seeds with a stroiigiy-ribbed loose coat, often winged. Petals 
decidiioiis, sometimes free {Ledum and others); anthers without 
appendages. Includes 17 genera with 850 or more species. The 
largest genus, Ehododendron (including Azalea), with about 800 
species, has its chief centre of distribution in the mountains of 
Eastern Asia, many species occurring on the Himala^^as and the 
mountains of South-west China; there is a less iinportant centre 
in North America, and a few species occur in the mountains of 
Central and Southern Europe and Asia Minor ; the flowers are 
often large and showy. Dabeocia (St Dabeoc’s heath), a mono- 
typic genus of Western Euroj)e, occurs in Ireland. The British 
representatives are Loiseleuria procmnbens and Phyllodoce 
' coemlea, both north circumpolar species found in Scotland. 

Subfamily II. Arbutoideae. Fruit a berry or loculicidal capsule, 
seeds triangular-ovate, not winged. Petals united, deciduous; 
anthers often with bristle-like appendages; ovary superior. 
20 genera with about 250 species, chiefly north temperate to 
■arctic. The largest genus; GaultlieHa (about 100 species), is 
chiefl,y ' American, extending ' from . the .■ north along the Andes 



EEIOACB'AE " 431' 

tlirough central and tropical ■ South ■ America to Chile; a lew 
species ^ occur in the Himalayas ■ and Eastern Asia, exteiidiiig 
south to Australia and New Zealand. ArbuUis Unedo (Straw- 
berry-tree), so called from its orange-scarlet berry, is a South 
European species which extends into South Ireland; Arcto- 
stwphylos aljyina, A. TJva-ursi and Andromeda poUfolia are arctic 
and alpine species occurring in Britain. Epigaea repens the 
Trailing Arbutus or Mayflower of Atlantic America. 



Pic. 209. MJiododendrori lanafum k. Plower, B, Stamen. C. Pistil. D. Ovary 
cut across. B, 0, D enlarged, (After Hooker.) 

Subfamily III. Vaccinioideae, Ovary inferior, fruit a beny. 
Petals united, corolla often globose, bell -shaped or tubular, 
deciduous. 23 genera with about 330. species, extending from 
the north temperate zone, in which several species have a wide 
circumpolar clistribiition, to the mountains of the tropics. 
A^accmium, the largest genus, has about 100 species, four of 
which are British; F. Myrtillus is the Bilberry and V. Oxycoccm 
the Cranberry. Epiphytes are frequent in tropical mountain 
genera, such as Thibaudia (South American Andes) and others. 

Subfamily IV. Eeicoideae. Fruit usually a loculicidal capsule ; 
seeds . round, ,, not , winged; corolla , persistent; anthers often 
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appendaged. 17. genera with- about 600 species, 500 of which 
belong to Srica. The great .inajorit}' are confined to the Cape; 
others occur on the mountains of tropical Africa (species of 
Erica, Blaeria) and the Malagasy Islands, and in Europe and 
North Africa, especial!}^' the Mediterranean region. Callwmi 
vulgaris (Ling) is a wide-spread heath-plant in Europe, spreading 
into North Asm, and occurring also in Greenland and in a few 
places in the Atlantic States of America. Erica Tetralix mini 
E, cinerea are our common British Heaths ; two other species in 
S.W. England and one in West Ireland {E. meclUerranea) are 
representative of a South-west European flora. 


Family III. PYKOLACEAE 

Petals free or united; stamens free, hypogynoiis. Ovary incom- 
pletely chambered ; placentas thick fleshy, bearing very numerous 
sniaii anatropous ovules. Fruit a lociilicidal capsule. Seeds 
minute with a loose testa; embryo small, undifferentiated within 
the endosperm. Perennial evergreen herbs, or sa|)rox3hytes with- 
out chloro|)hylL 

Genera 10; species about 30. Chiefly woods of the north 
temjjerate zone. 

Pyrola and Chmapliila, forming the subfamily Pyi;*oloideae, 
have a 'widely-branching underground rhizome, the branches 
forming above ground leafy shoots, often a dense leaf-rosette, 
and ending in one, or several racemose flowers. The leaves are 
leathery and evergreen, hence the name Winter-green {Pyrola). 
Monotropa (Indian pipe) and allied genera {Pterospora, Sarcodes) 
forming the subfamily MonotrojDoideae are leafless saprophytes, 
living in the moist humus of woods and thickets; the}^ have a 
richly branched fleshy root-system in which flower-shoots originate 
as endogenous buds, and breaking through the cortex apx)ear 
above ground as succulent scapes, generally yellowish in colour, 
bearing brownish, crimson, pinkish, yellow or white scale-leaves 
and ending in a single flower or a raceme; the roots are associated 
with a symbiotic fungus forming a mycorrhiza, which is also present 
in less quantity in the Pyroloideae. 

The flowers stand in the axil of a scale-like bract, bracteoles 
are wanting; they are bisexual, regular, 4- to 5-merous, and con- 
form to the typical formula, with obdiplostemonous androeciuni. 
The |)etals are geiierally free but united to form an urnshaped or 
campanulate corolla in the monotypic American genera Pterospora 
: mA Barcodes., The anthers in Pyroloideae dehisce by apical pores 
and the pollen remains united in tetrads, except in P. secunda; in 
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Moiiotropoideae the dehiscence is by slits and the pollen is 
simple. 

The corolla and stamens are often inserted at the edge of a 
nectar-secreting disc, which is sometimes represented by separate 
nectaries or is rarely completely absent. 

The fleshy ovary bears a simple columnar style; in some genera 
of Monotropoideae it is unilocular except at the extreme base, 
blit generally the septa are wanting only in the upper part of the 
chamber. The ovary-cavity is almost filled by the thick fleshy 
placenta, the surface of which is crowded with ovules. The 
minute seeds have a delicate loose testa enclosing a central nucleus 
consisting of an oily endosperm and a few-celied undifferentiated 
embryo. Pyrola, the largest genus (15 species), extends into the 



Fig. 210 . A. Floral diagram of Pyrola. B. Flower of P. %im flora, enlarged; two 
petals have been removed to shew the glandular disc, d. C. Transverse 
section of base of ovary of Monotropa Hypojritys, D. Similar section above 
tlie middle; both enlarged. E. Median portion of the seed of Jf. Hypopitys, 
much enlarged; e, embryo; %, endosperm; t, loose seed«coat. (A after 
Eicliler; B-E after Drude.) 

Arctic zone, and sou thwards into the Himalay as and the mountains 
of Mexico ; four species are British. Monotropa, with three species, 
has almost as wide a distribution; the British species, Jf . EypopitySy 
occurs, ill Europe, Siberia, Japan and in the New World from 
Canada to Mexico; of the allied genera seven are North American 
and one is Himalayan; Barcodes, a monoty|)ic genus in the Sierra 
Nevada of California, sends up a fleshy spike of brilliant red 
flowers through the melting snow^. 

Pyroiaceae are closely allied to Ericaceae from which they are 
distinguished by incomplete septation of the ovary and the un- 
differentiated embryo. They may be derived from an Ericaceous 
stock with free petals (such as are found in Ericaceae in Ledum 
and allied genera) in ’which the shrubby habit has been lost and 
in which the herbaceous habit has gradually become saprophytic: 

^ Oliver, F. W. On Sarcodes smigummP Annals of Botany, iv, 303 (1889). 
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Family IV. EPACRIDACBAE 

Mowers bisexual, regular,, conforming to tlie foriiiuia Sn, Pn, 
An, G(ii), with mostly x:)entamerous whorls. Sepals free; petals 
united; stamens generally epipetaious; anthers bilocular, de- 
hiscing by a common longitudinal slit, and without appendages. 
Ovary superior, with l-oo anatropous, generallj^ peiidiiloiis ovules 
on an axile |)lacenta in each of the five chambers; style simple 
with a capitate stigma. Fruit a fi,ve-valved capsule or a drupe 
with one to five stones. Embryo straight, cylindrical, siiiTOiinded 
by a copious endosperm rich in proteid. 

Shrubby plants with a heath-like habit, rarely arborescent. 

Genera 23 ; species about 350. Mainly Australasian. 

The Epacridaceae replace in Australia and Tasmania the 
heaths (Ericoideae) of South Africa, which they resemble in habit, 
being generally small shrubs, somew^hat sparingly branched, with 
closel}" arranged generally alternate small stiff narrow^ entire 
leaves. The flow’ers are racemose, each with a bract and a pair 
of bracteoles, or often a number of bracteoies passing into the 
caljrx, the sepals of wiiich are free and resemble the bracteoies. 
The corolla is tubular with five lobes, which are often s|)reading 
or refiexed; it is inserted on the edge of a disc of varying form. 
Two monot3^pic genera, Prionotes (Tasmania) and Lebetanihm 
(Patagonia), more near!}’ approach Ericaceae in the hAq^ogjmoiis 
insertion of the stamens and the separate dehiscence of the 
distinct anther-halves. In the great majority of cases the five 
stamens, wiiich alternate regularity with the segments of the 
corolla, are attached to the corolia-tube and dehisce b^y a longi- 
tudinal slit common to the tw-o cells of the anther, which becomes 
at the same time one-celied by the disappearance of the partition. 
The pollen is simple or in tetrads. The carpels are opposite the 
petals and the simple style generalh^ springs from a central 
depression. In about half the genera, including Epacris, the fruit 
is a several- to man^^-seeded capsule with a locuiicidai dehiscence ; 
ill the remaining genera {Styphelia and allies) wdiere there is onl,y 
one ovule in each ovaiy-chamber the fruit is a berry or a drupe 
containing one to five stones. 

The great majority of the species are Australasian ; the famil}^ 
extends to Bew^ Caledonia and the Pacific Islands, and in /Styphelia, 
to Malaya and India (one species), and is represented in antarctic 
South America by the monotypic genus LebetmitJms. EpMcris and 
StypheliaEre commoiity grown as greenhouse plants. 

It is distiiiguished from Ericaceae, to the siibfamil.y Ericoideae 
of which it is most nearty allied, by the single wdiorl of generally 
epipetaioiiS' stamens with their characteristic anther-dehiscence. 
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Family V. MAPENSIACEAE 

A small family with six genera and 12 species, chiefly alpine 
and arctic, in the northern hemisphere. The plants are low -growing 
evergreen shrubs or perennial herbs, with leaves arranged in 
dense or loose rosettes and solitary or racemose flowers. The 
flowers are bisexual and regular, -with the formula S5, P5, A5 + I), 
0(3), and preceded b}" a pair of bracteoles. The sepals are often 
free and the corolla is sometimes divided almost to the base ; there 
is no hyx^ogynoiivS disc, and the five stamens are epipetaloiis, 
aiternating with the corolla-segments; an aiternatmg whorl of 
staminodes is sometimes iDresent. Each anther-half opens by a 
longitudinal slit, and the pollen is sim|)le. The three carpels forin a 
trilocular ovary w^hich bears a simple style with a three-lobed 
terminal stigma, and contains indefinite anatropous or amplii- 
tropous ovules on a central placenta in each chamber. The fruit 
is a three-valved loculicidally dehiscing capsule; the seeds are 
niiineroiis and contain a cylindrical, straight or slightly bent 
embryo surrounded by a copious fleshy endosperm. 

Diapensiaceae is distinguished from the other families of the 
order by the reduction in the number of the carpels ; also by the 
absence of the disc. It resembles Epacridaceae in the simirle w^hori 
of epipetaloiis stamens. 

Diapensia lapponica, which is found in Scandinavia and is the 
only European species, has a circumpolar distribution; a second 
species occurs in the Himalayas. Twn monotypic genera occur in 
the Atlantic States of North America; Schizocodon has tiro species 
in Jaxian; Bemeuxia one in Eastern Tibet; and Shortia three 
s])ecies in Eastern Asia and one {S. galacifoUa) on the momitaiiis 
of North Carolina. 


Order 2. PBJMULALES 

Flow^ers regular, bisexual or unisexual by abortion, con- 
forming to the formula Sn, Pn | An, G(n), where n is gener- 
ally 5. Stamens antepetalous and generally inserted on the 
petalS;,: which are very rarely free; an outer antesepaloirs 
series is present in Theophrastaceae. Ovary superior, rarely 
inferior, unilocular, with indefinite ovules on. a basal or 
free-central placenta; ovule wflth tw^o integuments. Style 
SMple:;'^ Seeds 's embryo straight, surrounded' by fleshy 
or horny endosperm. Herbs, shrubs or trees with simple, 
entire, exstipulate leaves. ' , 


,28-2 
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The peiitamerous plan of the flower, the unilocular ovary 
and central placentation of the ovules (which moreover 
resemble the characteristic type . of Dialypetalae in having 
two iiitegiiiiieiits) have suggested ,a comiection of the order 
with the Ceiitrosperniae. The evidence is less clear than in 
the case of the next order, Plmnbagmales; but it Kseems possible 
that the order is derived from a Dialj^petaloiis stock allied 
to that from whicli sprang the Centrospermae. Theopliras- 
taceae and Myrsiiiaceae are w^oody plants ; Primiilaceae are 
herbs. In the first diplostemony is suggested by an outer 
series of stamiiiodes alternating wdtii the petals ; in the other 
two families, which are more closely allied, a tendency to 
epigyny occurs. 

Family I. THEOPHRASTACEAE 

Flowers bisexual, regular or dioecious, generally peiitamerous. 
Sepals free or slightly connate (Clavija ) ; corolla rotate, iirceoiate 
or fiumei-shaped ; an outer series of five antesepaloiis stamiiiodes 
alternates with an inner series of five antepetalous stamens, the 
filaments of which in Clmija are united in a tube. Ovary superior, 
unilocular, with indefinite anatrojiGus ovules wdth two integuments, 
immersed in mucilage on a central placenta. Style simple ; stigma 
entire or irregularly lobed. Fruit a drupe or berry containing 
many to few seeds (very rarely only one). Embryo ‘well developed, 
surrounded by endosperm. 

Trees or shrubs with alternate simple, entire or serrate, ex- 
stipiilate leaves, which are generally crowded at the ends, of the 
branches, and .terminal, or sometimes lateral, racemose in- 
florescences of often showy flowers. An important anatomical 
character is the presence of long strands of sclerenchymatoiis 
tissue beneath the epidermis of the leaves; a distinguishing feature 
from Myrsiiiaceae is the absence of resin-jiassages. 

;The family contains four genera with about 70 species in the 
warmer parts of America, from Florida, through Central America 
and the West Indies, to North Paraguay. 

T^amily n. MYRSINACEAE'^ ■ 

Flow^ers bisexual, or more often unisexual by abortion, 
regular, 4- to 5-merous, resembling those of Primiilaceae, but 
carpels sometimes fewer.' Ovules numerous or few,, generally 
' Slink in the tissue of the free-central placenta. Fruit generally 
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a one- to few-seeded drupe. Embryo suiToiiiided by a fleshy 
or horny endosperm. 

Shrubs or trees, with alternate, entire, exstipiilate, often 
leathery leaves, and axillaiy or teriiiiiial many-flowered 
simple or compound racemose inflorescences. Brae teoles ' are 
typically present. 

Genera 32; species about 1000. Widely distributed inaiiily 
ill tropical and subtropical countries. 

Scliizogeiious resin-passages are present in the leaves, and 
occur also in the pith and cortex. . 

The bracteoles when present stand right and left of tlie 
flower, ill the usual position; when absent they may he. 
regarded as suppressed, their .presence being implied in the 
normal arrangement of the. sepals, thus contrasting with 
Priiinilaceae where the arrangement of the sepals is co-ordin- 
ated with the typical absence of bracteoles. The corolla-tube 
is generally . short ; in the large genus Emhdia (60 species) the 
petals are free. The filaments of the stamens are sonietiiiies 
united into a tube; in the monotypic geiim Amblyafitlms, 
from the Khasya Hills, N.E. India, the' anthers are iinitecl 
In Aecjiceras the anther-chambers contain numerous trans- 
verse septa. Aegiem^as (two species) are Mangrove ' plants 
growing on the coasts of the Old World tropics; as in otlie.r 
Mangroves the seed germinates before leaving the fruit. 

The genus if forms a distinct subfamily (Maesoideae) 
characterised by the inferior or half -inferior ovary; it has 
102 species in the tropics of the Old World. In the remaining 
genera the ovary is' superior. ' The ■ ovules, which have two 
integuments,- are semianatropous. to sem.icainpylotropous and 
are almost always buried in the placenta; generally only one. 
or a few seeds develop, and these become surrounded at the 
base by the dry cup -like remains' of the placenta. The style 
is short and simple; the stigma simple or sometimes lohed; 
when the lobes are equal in number to' that of the members 
of the other whorls they are 'opposite the sepals, indicating a 
similar position for the carpels. .The fruits , are generally 
small and round with a crustaceous ;or hard endoca-rp and a 
fleshy exocarp. The cylindrical embryo is straight or slightly. 
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bent and completely surrounded by the endosperm. Poly- 
embryony occurs in species of ArMsia (as ^4 . japonica), and 
the germination in this genus is also of interest; A. crenata 
recalls that of Aegricerm in the early growth, of the embryo, 
the radicle having ruptured the fruit-coat before the fruit 
has fallen. In ^4. crenulata and A. japonica the cotyledons 



Fig. 211. Ardisia tmifolia. A. Flowering shoot, x B. Floral diagram. 
C. Fioweivx2. D. Single stamen and petal, x 4. E. Ovary and calyx in 
longitudinal section, x 8. F. Fruit, nat. size. G, H, Fruit in vertical and 
transverse section, X 2. 

never leave the seed, whereas in other species, as A., poly- 
cepMla, they emerge and form broad long-persistent cori- 
aceous leaves. 

The family is widely distributed in trojiical and subtropical 
countries, extending southwards mth a few .species , at the Cape 
and in New , Zealand, and northwards to Japan, Mexico and 
..Morida. The largest genus' Ardisia has 240 species in the, warmer 
parts , of both ,hemi^pli,eres'; Rapanea 140 species and Embelia 
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60 species; both genera are widely distributed. ■.3ip%sme africana 
is cultivated in gardens. 

Myrsiiiaceae are closely allied to Primiilaceae, from wliich they 
are clistingiiished by their woody habit, and the one- to few-seeded 
driipaceoiis fruit. 

Family III. ' PRIMULACE AE 

Pio^vers regular, bisexual, typically pentaiiieroiis, con- 
forming to the formula S5, P5, | A5, G(5), the stamens 
situated on the corolla-tube and opposite the segments. 
Ovary superior, rarely half-inferior, unilocular with a free- 
central placenta bearing indefinite semianatropous ovules 
with two integuments. Fruit a capsule. Seeds contaimiig a 
small embryo surrounded by fleshy albumen. 

Herbs with simple exstipulate leaves and flowers solitary 
or arranged in umbels, racemes or panicles; bracteoles 
wanting. 

About 600 species in 22 genera. Cosmopolitan, but mainly 
in the temperate and colder parts of the northern heiiii- 
spliere ; many arctic and alpine. 

The plants are herbs, sometimes annual but generally 
perennial, as in Primula, persisting by a sympodial rhizome, 
or in Cyclamen, by a tuber formed from the swollen hjrpocot^d. 
The aerial steiii-internodes are suppressed, the leaves forming 
a dense radical rosette, as in Primula and others, or there is 
a well-developed aerial stem, erect, as in some species of 
Lysimachia {L, vulgaris), or creeping, as in L. Nurmrmlarm 
(Moneywort, Creeping Jenny) and L. nemorum. 

The leaves are generally simple, often with a toothed 
margin ; the s tibmerged leaves of Hottonia are cut into fi ne linear 
segments; the arrangement is alternate, opposite or whorled, 
and air three arrangements occur in the genus Lysimachia, 
The flow^ers are solitary and axillary, as in Anagallis (Pim- 
pernel), Lysimachia Nummularia dunA. others, or racemose on 
terminal or lateral axes,, forming an :umbel, as in species of 
PnV/mte (either sessile, as in Primrose, or stalked, as in 
Cowslip and Oxlip), or racemes or spikes as in species of 
Lysimachia, 

Each flower stands in the axil of a bract, but there are no 
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■braeteoles, and corresponding with their absence .the two 
first, developed leaves of the quincixncial calyx stand right 
and left towards the posterior aspect of the flower (fig. 212, A), ' 
while the odd sepal is, posterior. Exceptions from the typical 
pentanieroiis arrangement occur, as m TrienMis, 5- to 9-mery, 
Lysimachia, 5- to O-mery, Centunculus, 4- to 5-mery. The 
calyx is leafy and usually persists till the fruit is ripe. The 
corolla is generally differentiated into a longer {Prhmda^ or 
shorter {Anagallis) tube, and a limb which is more or less 
spreading (Primrose, Pimpernel, etc.) or comiivent into a 
cup (Cowslip) or reflexed {Cyclamen): in 8oldamlla it is bell- 
shaped; in LysimacMa and others the tube is often very 
short and in the small genus Pelletiera, which is remarkable 
for its trimerous flowers, it is absent, the petals being free; 
in Olaux there are no petals. In Coris the flower is zygo- 
morphic. 

The single whorl of stamens is situated on the corolla-tube 
with its members opposite the petals ; the position is explained 
by assuming the disappearance of an outer antesepalous whorl 
W'hich is occasionally represented by scales, as in Samohis 
(fig. 212) and Soldamlla. Another explanation is based on 
the fact that the petals arise late in the development of the 
flower (fig. 212, F) and spring from the backs of the staminal 
primordia; this assumes the presence of only three whorls, 
regularly alternating, namely calyx, stamens with petal-like 
dorsal outgrowihs, and carpels; that is to say, the apetaly, 
which is obvious in GlauXy is general in the family. The 
former theory is the one now’ generally accepted for the 
reason given and because it applies also to the closely allied 
family Myrsiiiaceae, where, as in Primulaeeae, the vascular 
bundle-traces of an outer staminal whorl are found in the 
receptacle. The anthers dehisce introrsely by longitudinal 
slits. The ovary is superior, or half -inferior in Samolus;the 
simple Terminal style ends in a capitate undivided stigma. 
The free-central placenta sometimes bears only five ovules, 
,bpposite , the petals, but most frequently there are a large 
, number developed spirally and in basipetaL succession. The 
nvary nrises. as a ring on thc: floral axis,: so that:its develop- 
,;rnent affords as little evidence as does the adult' structure of 
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the pistil for the existence of five carpels.- The fruit, iiowever,- 
forms a capsule which dehisces in most genera by five teeth 
or valves opposite the sepals ; in HoUonia, . Oydamen and 
some species of Pfmvula thej^' are opposite the petals, while . 
in other species there are ten valves. - In AnagaUis da\d other: 
genera the capsule is a pyxidium, dehiscing transversely by' 
a sharply-defined lid (fig. 212, H). 

The flowers are alwa3^s bisexual, but cross -pollination is 
favoured by a very general and well-marked diniorphisin in the 
flower. The two forms are characterised by long and short styles 
respective^; the stamens oecupjing corresponding positions 
half-way down and at the mouth of the corolla-tube, differ- 
ences which also entail slight differences in the shape of the 
tube and the vddth of the mouth; the short-st^ded form lias 
smaller stigmatic papillae corresponding with the smaller 
pollen-grains of the long-styled. Experiments shew that if 
the visits of insects be prevented there is little or no fertility, 
and that the best results are obtained by a legitimate cross, 
that is hj the pollination of a long-styled flower from a 
short-styled, or vice versa. 

The ovules are generally semianatropous, so that the seed 
is peltate, having the hilum in the centre of one side (ventral). 
In Hottonia and Samohis the ovules are anatropoiis and the 
hilum is in consequence basal. 

The seeds of Primula vulgaris, according to Sernander, 
differ from those of other species of the genus, v^hich are 
distributed by wind, in being carried by ants; in this species 
the funicle has been converted into an oil-bodjr (elaiosome). 
HildebraiicF states that the seeds of Cyclamen are also niyr- 
mecochorous, ants invading the capsule as soon as it opens 
and carrying off the seeds. 

The family is divided into the following tribes according to the 
position of the ovary, the aestivation of the corolla ancl the 
symmetry of the flowers. 

Tribe 1. Primuleae. Ovaivy superior, capsule valvular, corolla- 
lobes imbricate or qumcuncial in the bud. Primula, thelargest 
genus ill the f amity, contains more than 300 species, native of 

i Hildebrand, F. Die OaMung Cyclamen L„ rnie mjstermf, u, biologiscU 
„ Monogmphie, IS9S. 
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the north temperate, subarctic and arctic regions, especially 
aipiiie and siibaipine; a great number occur in the mountains 
of Northern India and China; five are British. Androsace has 
about 90 species in the north temj^erate zone; they are often 
more or less caespitose in habit. Soldanella \\m six species in 
the European Alps. Dodecatheon, characterised by the sharply 
reflexed petal-limbs, has 30 species in North America, chiefly on 
the Pacific side. Hotimiia are water-plants with much-divided 
swijiiming leaves and an erect stem bearing the white or lilac 
racemose flowers above the water; H. (Water Violet) 

occurs in Europe and North Asia; H. inflata in Atlantic North 
America. 



Fig. 212, A. Diagram of flower of Primula. B, C. Long- and short-atv!ed 
flowers of P. elafior, slightly enlarged. D. Flower of iSamolus Valera ml i in 
longitudinal section, x 2-|. E. Flower of S, mpem in longitudinal section, 
x2-|. F. Longitudinal section of young flower-bud of Aufujallis arven^iK. 
much enlarged; sepal; petal; a, anther; e, carpel. G. An older stage of 
the same shewing the pistil, much enlarged; stigma,; central placenta. 
H. Fruit of Anagallis shewing transverse dehiscence, x 2-| . (A after Eichier ; 
B, C after Prantl; D, E, H after Pax and Knutli; F, G after Sachs.) 

Tribe 2. Cydammeae. Ovary superior, capsule valvular. Tuberous 
plants; flowers with sharply reflexed petal-limbs. One genus, 
Cyclamen, with 16 species chiefly in the Mediterranean region; 
one ((7. europaeum) in Central Europe. 

Tribe 3. Lysmacliieae. Ovary superior, capsule valvular (sub- 
tribe Lysimachiinae) or a p^^xidium (siiMiihe AnayaMidmae), 
corolla-lobes contorted in bud. LysimacMa has 110 species in 
, temperate regions and mountains in the tropics. Trientalis, 
three species, in the temperate and cold regions of the iiorthern 
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hemispliere; T. europaea (British) is a small plant with white 
iiectarless flowers., Gentunmlus, three species of very small 
annual herbs widety distributed in teni,perate and warm, 
countries; G. m/mimus is British. AiiagalUs (Pimpernel), 24 
species (two British), is almost cosmopolitan. one species, 

is a small iow^’-growhig maritime herb with opposite fiesl\y leaves 
widely distributed in the north temperate zone (British). 

Tribe 4. ^ Samoleae. Ovary lialfdnferior. One genus, Samolus, 
with nine species, one of which, 8. Valerandi (Brook-weed), is 
cosmopolitan (British), growing in damp ground, often near the 
sea. The other species have a wide distribution in temperate 
climates. 

Tribe 5. Goridecie is distinguished by its medianiy zygomorphic 
flowers aii^ spiny calyx. One genus, Oom, 'with two species in 
South Europe; small perennial herbs with a tliynie-like habit. 

Orders. PLVMBAGINALE8 
Family. PLUMBAGINACEAE 

Flowers bisexual, regular, with the formula S5, P5, | A5, 
G(o) ; bracteoles present. Calyx generally membranous, per- 
sistent; stamens opposite the petals. Ovary superior, uni- 
locular, wdth a solitary basal anatropous ovule 'with two 
integuments borne at the top of a long filiform fuiiicle with 

the micropyle pointing upwards; K^tyles five, opposite the 

sepals. Embryo straight, endosperm mealy. 

Perennial herbs or shrubs Avith narroAv leaves, Avitli or 
without stipules, bearing epidermal water- or chalk -glands. 

One family with 10 genera and about 260 species; cosmo- 
politan. 

The stem is erect or sometimes climbing, as in the Avell- 
ImoAvn greenhouse plant Plumbago capensis; in AcanthoUnion 
the plants are low growing cushion-forming undershrubs. The 
leaves are often radical,- as in the tAvo British geiievsh Statice 
(Anneria) (Thrift) and Limonium {Statice) (Sea-lavender) ; in 
and allied genera they have a well-developed fiat 
blade, but frequently they are' very narroAV and grass-like 
(Statice), OT needle-like, as in most species oi AcmitJwUmmi, 
This reduction of leaf-surface is associated Avith the habitat, 
many members being salt-steppe, maritime or alpine plants, 
as are our British species of Statice ebnd Limonium. In species 
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living in dry situations the waler-pores on the leaf -surf ace 
are sunk below the level of the other epidermal cells or 
otherwise protected the addition of challv to the secretion is 
characteristic of xerophilous species, the chalk-scales covering 
the glands or even the whole leaf -surf ace and acting as a 
very efficient check to transpiration. Another anatomical 
character of interest is the presence in individual genera of 
vascular bundles in the pith and cortex, of phloem in the 
wood, and of strands of sclerenchynia in the primary cortex 
and in the pith. 



Fig. 213. A. Flom^r of Plumhago rosea in vertical section. B. Floral diagram of 
P. enmpaea. C. Pistil of Statice {Armeria) maritima, 1). Vertical section of 
ovary of ^fative alpina; f, funicle; o, i, outer and inner integuments of 
ovule, E. Persistent calyx enclosing finiit in F. ^"ertica! 

section of fruit of same. C-F enlarged. (A, C\ E, F after Baillon; B after 
Eichler; D after Wettstein.) 

The inflorescence in Plumbago and allied genera is a 
raceme, each flower having two lateral bracteoles which 
always reniaiii sterile. In the Staiiceae, on the contrary, 
branching occurs in the axil of one of the bracteoles, the 
other being sometimes; suppressed (Statice) so, that in place 
• of the single flower in , Plumhago . a few-flowered cyme is 
developed.. The whole inflorescence , .shews widely-differing 
.; forms. In, Statice the cymes, .are closely, aggregated, into a 
head, the., bases of the outer .scarious brae tS' being: prolonged 
,'.dowm the; scape; and miiting ;to form a sheathing tiibe. . In, 




PLU'MBAGIKAOEAE 


445 


Limonium the cymes are generally three-flowered ' and are 
arranged sometimes in a secmid manner, in often ■ widely- 
branching panicles. The calyx is. tubular with a five-cleft 
limb and plaited between the segments; in some species 
of Staiice it is spurred; in Plmnbago it is covered with 
glandular hairs; it' is often scarious and coloured, as in 
Limoiikmi, The petals, which are often free almost to 
the base, have a contorted aestivation. The stamens are 
hypogynous in Plumbagmeae; in Staticme they are inserted 
on the petals. They dehisce introrsely. There is no evidence 
of an outer antesepalous wborl of stamens ; even the vascular 
bundle-traces which occur in Primulaceae are absent. The 
ovary is always superior; it is often five-ribbed. A peg-like 
mass of conducting tissue projects from the base of the style 
: and spreads over the micropyle (fig. 213, D). Pollination is 

effected by pollen-eating flies, short-tongued bees, nectar- 
j sucking butterflies and the hke, but self-pollination also occurs. 

! Dimorphic flow^ers occur in Limonium vulgare and Plumbago. 

The fruit is enveloped in the calyx, the light membranous 
character or the sticky glanditlar hairs {Plumbago) of which 
|, aid in distribution. 

; The pericarp is thin and papery, it may become hardened 

< at the apex and separate as a lid, or tear irregularly round 

I the base, or remain closed. The seed completely fills it; a 

thill seed coat surrounds the mealy endosperm. 

I The family is cosmopolitan, but favours especially salt- 

^ steppes and sea-coasts. Plumbago (10 species) occurs in the 

tropics of both Old and New” Worlds ; one species, P. europaea, 

I is endemic in the Mediterranean region. Acantholimon (80 

; species) has its main development in Persia, spreading east- 

^ ward to Tibet and westward as far as Greece. Statice (about 

50 species) is an alpine, arctic and maritime genus of the 
north temperate zone, reappearing on the Andes of Chile. 

: Limonium (more than 120 species), the largest genus of, the; 
family, is cosmopolitan but occurs chiefly in maritime 
I districts and salt-steppes in the Old World. 

The ten genera contain about 260 species, the number in some 
genera, such as Limonium and Statice, var^ung widely according 
to estimates of different authors. They fail into two tribes. 
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Tribe ,1.. Pltmibagineae (including Plumbago s^nd three small 
genera). Cbaracterised by. a simple inflorescence, both bracteoles 
being sterile, hypogjmous stamens, and styles free only in the 
upper part. 

Tribe 2. Statkme. Inflorescence compound, one of the bracteoles 
being fertile, stamens epipetalous, styles free almost to the base. 
Acantholimmi, Statiee, Limonmm and three smaller genera. 

K. V. 0. Dahlgren^ has indicated a striking difference in the 
embryogeny of the two tribes. In Staticeae there is the iisual 
eight-nuclear embryo-sac, but in Plumbagmeae only four nuclei 
are formed; the uppermost becomes the nucleus of the egg-cell, 
the lowest the antipodal niicleus, and the remaining two the polar 
nuclei which fuse very early. The antipodal cell soon disappears. 
The author comments on tliis extreme reduction of the gameto- 
phyte generation. 

The Pliimbaginaceae were formerly classed with the Primulales 
with which they have a common flower-plan, with aiite]3etalous 
stamens, a unilocular ovarj', and an ovule with two integuments. 
They shew, however, important differences, especiallA^ in the 
structure of the ovary, which has five styles, and the attachment 
of the solitary ovule, the mealy nature of the endosperm, and the 
absence of any trace of an outer staminal whorl. 

An aflinity has been suggested with the Centrospermae which 
Plumbaginaceae resemble in the ovary formed of several carpels 
but unilocular, with a basal ovule borne on a long fimicle, and 
the embryo suiTounded by a mealy endosperm ; also in the presence 
of bracteoles and the persistent calyx. Analogous deviations 
from the normal arrangement of the vascular bundles in the stem 
occur in each order. The small tropical family Basel! aceae {Ceiitro- 
spermae) has flowers recalling those of Plumbaginaceae in having 
the fi ve petals united below, and one series of antepetalous stamens. 
The characteristic campylotroj^ous ovule and curved embryo of 
Centrospermae contrast with the anatropous ovule and straight 
embr^m of Plumbaginaceae, but as the latter also* occur in the 
Centrospermae this does not preclude the view that Plumbaginaceae 
are derived from the Centrospermae or from a form closely allied 
to that order. 

: / Order 4. EBENALES 

Flowers bisexual , and regular, often peiitaiiieroiis, diplo- 
stemonoiis, or triplostemonoiis, or sometimes haplostemoiious 

^ Arhiv BoL xiy. No. 8, 1-8 (Stoekliokn, 1915). 
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abortion ; petals iinitedj stamens inserted on the corolla - 
tube; ovary superior, rarely inferior, miiltilociilar; placeiita- 
tioii axile with one to few ovules in each chamber. Seeds 
with a straight or slightly bent embryo surrounded, by 
endosperm. 

Woody plants, mainly tropical, with simple, often leathery, 
leaves. 

The families fall into two suborders. (1) Sapotineae, com- 
prising Sapotaceae, with a superior completely septate ovary, 
and a single ascending ovule with one integument in each 
chamber, and iaticiferous sacs in stem and leaves; and 
(2) Diospyrineae with a superior or more or less inferior ovary, 
completely chambered or not chambered above, and ovules 
with two integuments; latex is absent. Diospyrineae con- 
tains three families w^hich are distinguished by the following 
characters : 

Ovary superior rarely half inferior: 

Flow^ers usually dioecious, ovary completely septate 

Ebenaceae 

EloW'ers bisexual, ovary septate only in the lower 
portion Styracaceae 

Ovary almost completely inferior; flow- ers bisexual, ovary 
completely septate ... ... ... Sympiocaceae 

The order is isolated, Avith no close affinities with the other 
Pentacyclic orders, and may be considered to have had a 
distinct origin from the Dialypetalae. There is a tendency 
to an indefinite number of stamens and to epigyny , both 
finding their highest expression in the Sympiocaceae. The 
order represents tAA^o distinct lines of development, one 
represented by Sapotaceae and the other by the Diospyrineae, 
in wffiich the ovule still retains the two integuments and in 
AAffiich also the epigyiious tendency is strongly marked. Its 
phylogeny is extremely doubtful ; Wettstein has suggested a 
possible affinity AAuth the Malvales,. Geraniales and Rutales, 
among wffiich occur the diplostemonous androeciiim Avith a 
tendency to indefinite stamens by branching, and the septate 
isomerous gyiioecium A\ith axile placentation. 


448 


FLOWEEIKG PLANTS 


Family!. SAPOTACEAE 

Flowers, generally bisexual; sepals. 4-8 in two isomeroiis 
wlioiis, or five in one whorl; petals more or less united, as 
many as the .sepals but in one whorl, more rarely double as 
many in two whorls, sometimes with lateral or dorsal 
appendages. Stamens situated on the petals, typically in 
two or three whorls, the outer antesepaloiis whorl often 
reduced to staminodes or absent. Carpels as many or double 
as many as the number of stamens in a whorl ; ovary superior 
with as many chambers, each with one anatropous ovule 
having a single integument at the base of the axile placenta; 
micropyle pointing downwards. Style simple, stigma incon- 
spicuous. Fruit a berry, the outer layer sometimes scleren- 
chymatoiis ; seeds iew or one, with a broad hiliim ; testa- 
hard, shiny ; endosperm oily, sometimes absent. 

Mostly trees with alternate simple entire pemiinerved 
leathery leaves, sometimes stipulate. Row-s of laticiferous 
sacs are found in the pith and cortex and in the leaves. 
FIowtu’s small, solitary or in cymose clusters in the leaf-axils, 
or above the scars of fallen leaves, sometimes on old stems. 

Genera 40; species about 600; widely spread in the 
tropics. 

The leaves, flowers and fruit are often clothed with mii- 
cellular two-armed hairs. The bracteoles when present are 
small and caducous. The sepals are slightly united at the 
base or free, they shew considerable variation in number and 
■arrangement, thus 2 4-2, 3 4 3, 4 4 4, or 5. The petals 
follow in a single whorl, isomeroiis and alternating with the 
sepals. Occasionally a second whorl is present; they are 
united below, the segments having an imbricate aestivation. 
In Mim.mops the number is apparently increased by the 
development from the base of each segment of a pair of 
dorsal outgrowths which may resemble the segment or be 
much cut. In other genera each segment bears a pair of 
lateral outgrowths. The stamens or staminodes follow in 
regular alternating whorls. When- the number of carpels is 
doubled, the ovary-chambers alternate with the members 
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the two preceding staiiiiiial whorls in' the same way as the 
petals alternate mth the sepals in the two-whoiied calyx. 

The flow^ers are proterogynous ;■ the tip of the style with the 
sticky stigma appearing above the corolla before the expaii- 



Pia. 214. Achras Sapota. A. Flowering shoot. B. Floral diagram. C. 'Fhnvvr 
in female condition. D. Flower with corolla opened out; a whorl of petal - 
like stamiiiodes alternates mth the corolla-lobes. E. Fruit; the left side 
in longitudinal section; the right shewing transverse and longitiMlinal 
sections. F. Seed, seen from the back, she\ving the long hilum. G. Seed in 
' : longitudinal section shewing embryo, C,. D enlarged; A reduced;, E-G 
slightly reduced, (After Engler and FZor. Bras.) 

sion of the latter; at this stage, ■'the flowers are erect, but 
they usually become pendulous by bending of the stalk during 
dehiscence of ' the anthers, which is , generally extrorse b3^ 
longitudinal slits. , " ' / 

The inner pulp ' of the berry is traversed by numerous 
latex-sacs in,: the larger fruits the' epidermis is replaced by 
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brown oork-la^^ervS, and sclerencliymatoiis tissue is also found 
in the periphery. 'Sapotaceae occur throughout the tropics; 
they are, absent from E-urope and extra-tropical x4sia, but in 
America Bumelia extends northwards to Illinois and south- 
wards to ilrgentina. Sideroxylimi extends as far south as 
New Zealand. 

The sticky nature of the berries favours their distribution 
by birds, though in many cases the size of the fruit is a bar 
to this means of dispersal. Engler notes that several species 
with fruits of more than 2 cm. diameter occur in the West 
Indies and the Sunda Islands, and also in the islands of the 
Malagasy group, suggesting a transport of the seeds hj sea- 
currents. 

The family is a useful one. The fruits are edible, and the larger 
and more juic}^ such as Acliras Swpota, the Sapodilla of the West 
Indies, GhrijsoiiJiylkm^ and Mirrmsops,&xe cultivated in the tropics ; 
the endosperm is also often a source of oil, as in Btityrospermum. 
The wood generally is vei\y hard, affording useful timber often 
known as iron-wood, e.g. Sideroxylimi] the bark is frequently 
bitter and astringent. The latex of many species, especially of 
Mimuso2:)S^ Payemi (Malaya) and Palaqiiium (India, Malaya), is a 
source of giitta percha. 

The largest genera are Sideroxylimi, with 100 species in tropical 
and subtropical parts of the Old World, OhrysopIiyUitni, 70 species 
in the tropics of both Worlds but chiefly of America, and MimusopSy 
with 160 species widely distributed through the tropics. 


Family II. EBENACEAE 

Generally dioecious; flowers rarely bisexual or polygamous, 
3- to 7-merous, regular. Calyx persistent, more or less deejdy 
cut. Corolla gamopetalous ; segments with generally contorted 
aestivation, equal in number to those of the cakyx.'^ ^^tamens 
attached to the corolla-tube and isomerous with its segmenTs,mr 
twice as many or still more numerous; stamiiiocles generauj^ 
present ill the female flower. Pistil rudimentary or absent in the 
male flowers, superior in the female and bisexual; ovary with 
2 to 16 chamhers, containing one or two ariatropous pendulous 
ovules in each chamber ; styles two to eight, free or united at the 
base; stigmas small, entire or two-lobed.. Fruit fleshy nr leathery, 
generally indehiscent, often few-chambered and one- to few- 
seeded by abortion. Endosperm copious, eartilaginous, often 
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niiiiiiiate ; eiiibiyo axiie straight or slightly curved. Woody 
plants ; leaves generally altematCj more rarely opposite or wlioiieci, 
entire j usually leathery, exstipulate. Flowers axillary, solitary or 






Pig. 215. Diospyros. A-E. D. Kald, A. Male flower, enlarged. B. Diagram 
of male flower, C. Female flower cut vertically, enlarged. D. Diagram, of 
female flow^er. E. Fruit with persistent calyx, reduced. F. Male flower of 
I>. tetrasperma; corolla cut open shewing stamens; x 3, G. .Diagrain of maJe 
flower. H. Fruit of same cut vertically, shewing seeds with copious endo- 
sperm and slightly curved apical embryo. {A~E after Le Maout and Ik‘- 
caisiie.) 

in small cymose inflorescences, of fewer flowers in the female 
plants ; bracteoies typically present. 

Genera 5 ; species 320. Tropical and subtropical. 

'The adult stem is characterised by an extraordinarily hard and 
heavy heart-wood, generally black in colour, more rarely green or 
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xeci;. ebony is .the heart-wood ■ of- various ; species of Diospyros. 
Caiilifloions inflorescences occur in some species of Diospyros ^ md 
Ilaba. 

The corolla is tubular, bell-shaped or rounded ; the stamens, all 
of which are fertile, are inserted at the base of the corolla-tube 
or near it on the receptacle, they are usually in two wliorls, but 
the number of stamens may be considerably increased by 
branching. The aiither-dehiscenee is longitudinal by lateral slits, 
more rarely, as in a section -of the genus Dios^yyros, by apical 
pores. 

The carpels are typically isomerous with the sepals and petals 
and opposite the former; the. ovary-chambers are often divided 
into two by a false septum, in which case the number of carpels is 
apparently doubled and there is a solitary ovule pendulous from 
the central angle of each chamber. 

The fruit is generally indehiscent forming a fleshy berry, but in 
a- few species : has a valvular dehiscence. Diospyros Kaki, the 
Kaki or Persimmon, a native of China and Japan, has a luscious 
fruit , as big as an , orange ; the fruit of other species is also edible, 
a^s D. virginiana (United States) and D, Lotus ^ the Date-plum of 
the eastern Mediterranean region. 

There are five genera with 320 -species ; the family finds its 
chief .development in India and .the Malay Arcliipelago in . the 
two genera Diospyros Mid Ilaba with more dhan 200 species. 
Royena (20 species) and . Eudea . (17, . species) are exclusively 
African, and Tetmdis is a monotypic genus from Madagascar. 
Both Diospyros and Maba are widely spread in the warmer parts 
of the world. 

Ebeiiaceae are most nearly allied to Styracaceae but are distin- 
guished by the. septate .ovary; and , generally .unisexual flowers. 
Prom .Sapotaceae they are distinguished, by absence of latex and 
the presence of two ovules (each 'with two integuments), in each,, 
carpel.. . 

' ^ STYRACACEAE , 

; , Flowers bisexual, regular, generally conforining to .the formula 
S ,(5“4), P (5-4), A (10-8), Q (3-5) Calyx tubular, with ' segments 
generally reduced to short or inconspicuous teeth, and petals free 
nearly to the .base with imbricate .or valvate aestivation. Stamens 
in one s,eries but,. rarely isomerous with .the petals, epipetalous.,. 
-very .rarely free.'fro.m' the petals*' filaments united .below; anthers,, 
generally, dehiscing by lateral .-.slits..' Ovary, .superior or slightly 
inferior, rarely almost completely wdexim (Halesiay Pterost^^^ 
generally three- to five-chambered in the lower part only, uni- 
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locular above; ovules anatropous, with. one or two integiiiiiciiits, 
peiicluloiis or erect, one to few in, each chamber. Style cyliiicMcai: 
or filiform, wdth a capitate or inconspicuously" tiro- to five-1 obed 
stigma. Fruit generaUy a drupe, with a ilesliy or dry pericarp 
often splitting by three valves; seeds one to few, wdth a thin or 
leathery coat and a broad hiliiin. Embryo generally straight in 
the axis of the endosperm. 

Trees or shrubs, with alternate simple, entire or serrate, mem- 
branous or leathery leaves; and small or moderate-sized flowers, 
generally arranged in simple or compound racemose inflorescences ; 
bracteoles small or absent. 

In the majority of the members of the family the stem, leaves, 
inflorescence, and the outside of the calyx and corolla are covered 
with yeliowdsh or brownish stellate hairs. 

There are eight genera, with about 120 species, of which lOO 
belong to Styrax, the greater number in the warmer parts of 
America extending northwards into the southern United States ; 
others are found in tropical Asia and northwards to China and 
Japan. Two small genera occur in west tropical Africa. The family 
does not occur in Australasia. Styrax officmalis (Mediterranean 
region) yielded the Stywax of the Ancients; Styrax Benzom is the 
source of gum-benzoin, a fragrant resin which exudes from cuts 
in the bark; it is a native of Sumatra. 


Family IV. SYMPLOCACEAE 

Contains one genus, Symplocos, included by Bentham and 
Hooker in Styracaceae, from which however it is distinguished by 
its inferior, completelyT- septate ovary^", yielding a drupaceous fruit 
which is crowmed by the persistent calyx-teeth. The flowers are 
typically^ pentamerous ; the number of petals is however very varied 
(3 to 1 1 ), they are gamopetalous but divided almost to the base. The 
number and arrangement of the ei3ipetalous stamens also shew great 
variety; they are generallymumerous in two or more series but of tern 
shew evidence of an arrangement in five bundles ; the filaments are 
often more or less united. There are about 300 species of trees or 
shrubs wdtli leathery leaves. The chief centre is in India and the 
Malays Archipelago, a few species extending to Japan; a smaller 
ceiitr'e is in tropical America, one species, extei^^^^ 

into. North America. They are absent from Africa;, two species 
are,, found in Aiistra,lia and as many as 13 are endemic in , New 
■Caledonia. 
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B. TETRAGYGLICAE 

■Flowers .with four whorls, that is with only oiie wliorl of 
stamens which alternates with the petals; the carpels when 
equal in number with the stamens alternate with them, but. 
in the great majority of families' the number is reduced to 
two. The flowers are regular or zygomorphic ; with few 
exceptions the petals are united and the stamens spring 
from the corolla-tube. The ovule has rarely more than one 
integument. 

(a) Superae 

Flowers with a superior ovarj’ (in a few families there is 
a tendency to epigyny) ; regular, with generally isomerous 
stamens, as in Contortae and Convolvulales ; or, as in Tiibi- 
florae, regular or zygomorphic, in the latter case with 
reduction in the number of stamens. In the first order, 
Oleales, the petals are often free, and in the family Salva- 
doraceae the ovule has two integuments. 

Five orders : Oleales, Contortae, Convolvulales, Tiibiflorae, 
Plantaginales. 

Order 1. OLEALES 

Flowers bisexual or unisexual by abortion ; regular, gener- 
ally tetramerous, with united or sometimes free petals, and 
stamens generall};^ reduced to two. Ovary superior, of two 
united carpels, bilocular with one or two pendulous or basal 
anatropous ovules vdth one or two (Salvadoraceae) integu- 
ments. 

Woody plants with opposite simple or pinnately compound 
leaves ; stipules absent or small (Salvadoraceae) ; flowers often 
small in racemose inflorescences. 

The families of this order are included in the next in the 
Systems of Bentham and Hooker, and of Engler, the Joint 
orders being termed Gentianales and Contortae in the 
respective Systems. But, as''Wettstein points out, there are 
essential differences between the two families Oleaceae and 
Salvadoraceae (Oleales) on, the.pne hand and the families 
included, here, in „ the Contortae on the other; such are the 
placentation of the ovules, the absence of internal phloem 
• in .Oleales, the .dimerous androeciiim in Oleaceae which 



OLEALES 


455 


constitutes by far the greater part of the order (an advanced 
character which is associated with the apparently' primitive 
character of frequent polypetaly) and (in Salvadoraceae) 
an ovule with two integuments. The frequent presence of 
compound leaves (in Oleaceae), an exceptional character in 
sympetalous families, is also worthy of note. It is difficult: 
to suggest a point of origin for ^the Oleales; Wettsteiii 
derives them from Celastrales, which are woody plants with 
simple or pinnately compound (Staphyleaceae) leaves 5 
tetracyclic flowers vdth generally isomerous stamens, and ovary- 
chambers containing one or two pendulous or erect ovules ; 
indications of sympetaly also occur. 

Family I. OLEACEAE 

Flowers bisexual, rarely unisexual, regular, conforming to 
or derived from the formula S4(or 5), P4(or 5), A2, G(2). 
Calyx small, rarefy absent; petals united, sometimes free or 
absent, aestivation imbricate or valvate, rarefy contorted ; 
stamens epipetaloiis. Ovary bilocular with generally two 
pendulous or ascending anatropous ovules in each chamber; 
style simple, stigma bilobed. Fruit various, containing one or 
a few" seeds. Endosperm present or absent; embryo straight. 

Woody plants W"ith generally opposite simple or impari- 
piniiate leaves without stipules, and terminal or axillary 
compound racemose inflorescences. 

Genera 22 ; species about 400. Temperate, subti’opieal and 
tropical regions. 

The plants are shrubs, as Syringa (Lilac) and Ligusfrimi 
(Privet); sometimes climbing as Jasminum, or trees, as 
Oleu (Olive) or Fraxmus (ilsh). Several buds are sometimes 
found one above the other in a single leaf-axil (accessory 
' buds) in floral as w"ell as in vegetative shoots, as in Syringa 
mid Fraxmtis. 

The scales of the winter-buds, where these are found, 
represent the whole leaf, as in Syringa, or the leaf -base only, 
as iii^ Fraximis; in Syringa additional protection is afforded 
by a resinous excretion. 

Extrafloral nectaries are - described in various species. 
Peltate hairs are very common in the family, aS' is also., the 
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occurrence, of small crystals of calcium oxalate., The flowers 
are small,' general^ in a compound raceme .as.iii Syringa, 
Ligustmm, Fraximis ; in Fraxinus the dense inflorescences, of 
small polygamous flowers, appear before the leaves from, 
lateral or terminal buds on last year’s shoots. In the Chinese 
gmim^Forsytlvia, cultivated in shrubberies, and in JasminMm 
midifionm (China), common i.n gardens, the bright yellow 
flowers, which also appear before the leaves, ■ stand one to 
.three together at the end of short scale-bearing s'hoots. Each' 



Fig. 216. A, B, D-F. Oka mropam. A. Corolla with stamens opened out, x 5. 
B. Floral diagram, D. Calyx and ovary in vertical section, x 8. E. Drupe, 
the fleshy coa t partly cut away to shew the stone, slightly reduced. F. Seed, 
slightly emlarged, in vertical section. 0. Flora! diagram of Tessamndra 
fluimnensh, G-I. Fraxinus excelsior. G. Bisexual flower, enlarged. 

H. Samara, with half removed and the seed pulled out. The seed is home 
on the long placental axis, on the top of which are seen the aborted ovules, a. 

I. Seed ill vertical section, x about 1|; c, elmlaza; r, raphe; /, fiinicle; 
e, embryo embedded in endosperm. (A, D-P after Knoblauch; B, C after 
Eichler.) 

flower stands in the axil of a bract and a pair of brae teoles are 
typically present ; but both bracts and bracteoles are often very 
caducous. The flowers are generally bisexual, but 
is polygamous, or dioecious, as also are species of Olea, . 

The calyx is absent in Fraximia excelsior (fig. 216, G) and 
other species of the genus; when present it is usually tetra-;^.,^ 
■ merous, the sepals being median and transverse ; w%en a fiftM '' 
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sepal is present, as in species of J asininmn, it is either anterior 
or posterior ; the aestivation is valvate. The petals are isoiiierous 
and alternate with the sepals;., aestivation may be valvatc^ 
(Sypmga) or imbricate ( J asmimim) ; in Fraxinus the petals are 
free or united in pairs by the insertion of the sta^mens at their 
base. Sections of Fraxinus and Olea are characterised by 
apetaly, as, for instance, in' jP. excelsior, OccasioiiaDy more than 
five sepals and petals are present, as iiiJasmmum {J, nnAifiarwn. 
has six); the number rarely exceeds six. The most general 



FicJ. 217. A“C. Jmmimim azorkum. A, Corolla cut open and pistil. B. Floral 
diagram, the stamens are median. C. Calyx and ovary in longitudinal section. 
D. Fruit of J. florihimdiim. E. One half of same cut longitudinally to shew 
seed and embryo. A and C enlarged. (After Eichler and Engler.) 

form of corolla is a tube with more or less spreading limbs 
{Syrmga, Ligustrum, Olea^ Jasminum), The two stamens are 
generally transverse, but sometimes median (fig. 217, B) ; both 
positions are found in the same genus; occasionally there are 
four, as in the monotypic American genera Hesperella and 
Tessarandra (fig. 216, C), w^here they alternate with the petals; 
three or fi.ve may. also occur. The anthers dehisce laterally 
.by: a longitudmar slit. The, two carpels alternate with the 
.stamens mild are, therefore usually median ; a three- or .'four- 
chambered ovary sometimes occurs. There are ge'iierally two 
ovules in each chamber, pendulous or ascending from the 
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axile placenta; , sometimes', onty one is present, while in 
Forsythia and other genera there are fro.m four to ten. , 

Many species are visited by- insects, which are attracted ' 
.by the .colour and. smell of the flower a.iid presence of nectar, . 
and various adaptations occur favourable to cross -pollination. 
Thus long- and short-styled flowers are known in species. of 
Jasmimmi and in Forsythia, Both Lilac and Privet are liomo- 
gamo.iis andj in the absence of insect-visits, self -pollinated. 
Ash is wind-pollinated. In Fraxm us the fruit is . a dry , iiide- 
hiscent one-seeded (rarely two-seeded) samara, onl}?^ one 
(or twn) of the four ovules developing to seed. In Forsytliia 
and Syringa it is a few-seeded capsule dehiscing loculicidally 
into two valves; in Olea a drupe with a thick mostly one- 
seeded endocarp; in Ligustruni a few^^seeded berry; in Jas- 
mimmi a berry which is often divided into two one-seeded 
lobes by a vertical constriction (fig. 217, D). Endosperm 
when present is oily. 

The greater number of species are found in the Indo-Malayan 
. and Chinese- Japanese areas. Six genera (13 species) are European, 
namely, Fraxmus, Syringa, Phillyrea (South), Ligustrum. (one 
species), Forsythia (one species in the Balkan ])eniiisula) and 
Jasmimm, (one species in the Mediterranean region). Fraximis 
excelsior (Ash) and Ligiistrum, imlga^^^ are British. Olive 

(Olea> eurojKiea), the most important member of the family, an 
evergreen tree which reaches a.- great age, is a native of Western 
Asia, whence it was introduced into Southern Euro]>e before the 
Christian era; olive oil is expressed from the fleshy drupe. 

The family is divided into two subfamilies and three tribes 
depending on the nature of the fruit and position of the seed. 
Subfamily I. Oleoideae. Seeds pendulous; fruits not vertically 
constricted. 

Tribe 1. Fraxineae, Fruit a samara. 
in North America, Eastern Asia and South Europe. F. Ornm 
(Manna Ash), a native of South Europe, is a small tree wdth 
whitish flowers, which jueids a siveet exudation from cuts 
.. in the bark. , . ^ 

Tribe 2. Syringeae. Fruit a loculicidal capsule. 'Syringa, 
10 species, Europe and Asia ; S. vulgaris is the Lilac. Forsythm , . 
two species in China and one in the Balkan Peninsula. 

Tribe 3. Oleeae. Fruit a drupe or berry. 'O^ea, 35 '.species, mainly 
in South 2 \f rica, .India, ■ Australia and . Poly n esia . . Ligustrum,, 
35 species ill Euroioe, Asia and Australia. 
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Subfamily II. Jasminoideae. Seeds generally erect; fruits 
divided into two parts by a vertical ■ constriction except when 
one carpel fails to develop. Jasminum^ 200 species cliiefiy in 
tbe w^armer parts of the western hemisphere. 

Family II. SALVADORACEAE 

small family of woody plants with nine species contained in 
three genera in the tropical regions of Asia and Africa. The siiiali 
bisexual or unisexual floAvers are 4- or 5- merous, with two car| 3 els 
forming a one- or two-chambered ovary, each chamber containing 
one or t^vo erect anatropous ovules. The petals are free or uni led, 
the stamens hypog 3 mous or epipetalous and the ovule has two 
integuments. The fruit is a beriy or drupe, generally one-seeded, 
and the seed is without endosperm. 

The plants are shrubs or trees with opposite entire leaves w’ith 
very small stipules and racemes or spikes of small flow'ers. 

A f amil}^ of doubtful affinity placed by Baiiion , followed recently 
by Engier, among the Dialypetaiae near Ceiastraceae owing to 
the free petals and hypogynoiis stamens in twm out of the three 
genera and ovule with two integuments. Among sympetalous 
families it is most nearly allied to Oleaceae, in wliich free petals 
occasionally occur (Fmxinus), and the two families are regarded 
by Wettstein as representing an order derived from the Celastrales, 
wffiich are wmoclj^ plants with a haplostemonous fl ow^er, a frequently 
bilocular ovary with a single anatropous pendulous or erect oviiie, 
occasionally with only one integument, and a tendencu^ to udIoii 
of the petals. 

Order 2. CONTORT AE 

Flowers bisexual, regular, hypogynous, gaiiiope talons, con- 
forming to the formula S4 to 5, P4 to 5, A4 to 5, G2. Corolla- 
segments usually with' twisted aestivation. Staniens epi- 
petalous ; a nectar-secreting disc generally round the base of 
the ovary. Carpels united, or free below with united styles; 
ovules few^ or numerous on parietal or axile placentas, with 
one iiitegiiment; embryo usually surrounded by more or 
less endosperm. Herbs, shrubs or trees, with generally 
opposite,, exstipulate, often simple leaves.. An important 
anatomical character is the presence of internal phloem. 

Of the four families Loganiaceae and Gentianaceae stand 
somewhat apart from the Apocynaceae and Asclepiadaceae, 

' which, are very closely allied and 'shew a remarkable special- 
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isation'of aiidroeciiim .and. stigma in relation to iiisect- 
pollinatioii. 

Wettsteiii suggests a common origin for this order and the 
Tubifl.orae, regarding them as somewhat parallel; series, 
adaptation to insect-pollination having progressed in the one , 
ill association with a regular ' flower, in the other with the 
development of zygoniorphy. Hallier goes further and.^oiii- 
. bines, the two orders under the name Tiibiflorae and, seeks 
their origin in the Linaceae among Dialypetalae. Wettsteiii, 
on the other hand, would derive the two orders from Rosales. 

A. Stamens four to five ; carpels completely united, style not 
expanded above; fruit a capsule, berry or drupe; endosperm 
copious, embryo sinalL Laticiferous tubes absent. 

Generally woody plants, stipules obvious or reduced, ovary 
bilocular ... ... I. Loganiaceae. 

Herbs with exstipulate leaves, ovary typically unilocular 
with parietal placentation ... II. Gentianaceae. 

B. Stamens five ; carpels generally united only by the styles ; 
style swollen into a stigma-head which bears the stigmatio 
surface below the apex; fruit generally a pair of follicles; 
embryo large. Laticiferous tubes present. 

Pollen transferred directly from the anthers 

III. Apoeynaceae. 

Pollen transferred by means of specialised translators 

IV. Asclepiadaceae. 

Family L ■ LOGANIACEAE 

Flowers usually bisexual, regular, 4- or 5-meroiis (with rare 
pleiomery in corolla and androecimn). Calyx-segments imbricate ; 
corolla gamopetalous, segments valvate, imbricate or contorted. 
Stamens as many as the corolla-segments, inserted at the mouth 
of the corolla or on the tube; disc absent or small. Carpels two, 
completely united; ovary superior, generally completely bilocular,;, 
style .usually 'simple with .capitate, or bilobed .stigma.; ovules; 
•usually indefinite, amphitropous or anatropous. Fruit a capsule, 
berry or drupe; seeds with endosperm. 

Herbs, shrubs or trees with .simx3le'- opposite stipulate leaves, 
and generally cymose, inflorescence.. . Latex absent. 

Genera 33.; „ species .about 6.00, . Mostly, tro-pical. .. 
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originally protected. Certain anatomical characters are constant 
in larger or smaller groups. The larger subfamily Loganioideae is 
characterised by presence of internal phloem and absence of 
glandular hairs, and the smaller Buddleioideae by absence of 
interna,! phloem and presence of glandular hairs. ' Laticiferous 
tissue is always absent. BtfycliTios and a few allied genera are 
characterised by isolated groups of soft bast in the wmod (phloem- 
islands). The cyniose inflorescence shews various degrees of 
development; bract and braoteoles are generally present and 
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dicliasial ■ or moiiochasial developments according as brandling 
occurs in. botli bracteoles or in one onhn Sepals^ petals and 
stamens genera.ll3" folloW' in regularly, alternating 4- or 5-merous 
whorls, pleioineiy of petals and stamens (8-16 members) occurs 
in two small genera; the aestivation, of, the coro.lla-segmeiits 
affords good tribal characters. The mouth of the corolla-tube 
often bears a crown of imiceilular hairs. The anthers dehisce by 
two longitudinal slits. The two carpels are generally median; 
rarely oblique or transverse. In some species of Stri/chnos. the 
ovary is unilocular, and in Fagraea it is more or less completely 
bilocular; but in the great majority it is complete]}^ bilocular. 

The deliiscence of the capsular fruit is generally septicidal, the 
valves breaking away from the central placenta. The berry of 
StrycJmos may reach a considerable size. 

The seeds are generally small and flattened or ellipsoidal ; in 
the dry fruits they are often winged. In StrycJmos thei" attain a 
considerable size, and are disc-like with a central liilum; the 
seed-coat contains powerful alkaloids (strychnine, brucine). The 
endosperm, which is present in greater or less quantity, is fleshy 
or cartilaginous, and contains oil and proteid. The embryo is 
straight; Stri/clmos has leaf -like cotyledons. 

The family is poorly repi*esented outside the tropics ; Gelsemium 
extends to North America and China: Logmiia and two other 
genera occur in New Zealand. StrycJmos (about 150 species) and 
Buddleia (100 species) are generally distributed in the tropics, and 
the other genera have restricted areas, mainly tropical. 

There are two well-marked subfamilies. 

I. Loganjoideae. Internal phloem and no gland-hairs ; leaves 
entire; flowers 4- or 5-meroiis. The 21 genera are subdivided 
into six tribes, chiefly according to the nature of the fruit, and 
the aestivation of the corolla. Chief genera: Gelsemmm^ two 
species ; G. sempervirens, a twining shrub with axillary ^yellow 
funnel-shaped flowers, a native of the South Atlantic United 
States, contains the alkaloid gelsemin in its rootstock ; Logania, 
21 species; Strycknos, 150 Bj)ecieB; Spigelia, 30 species, American; 

. Fagraea (30 species, Indo-Malaya to Pacific Islands and 
Australia) has large flowers. 

II. Buddleioideae. No int ernal phloem, gland-hairs j>resent ; lea ves 

general^ toothed or lobed and the stipules generally reduced 
to a line connecting the leaf-bases ; flowers generally tetrameroiis. 
10 genera. Nuxia (30;species, Africa, Madagascar and Mascarene 
Islands); (fig. 218) (100 species). 

, The seeds of .the .tree StrycJmos Ntix-vomica (tropical India 
and Malaya), ..yield , the -alkaloids' strychnine and. brucine. The 



loganiaceae 


463 


Amerioau Indians foi' Ihdr Sji” Th^ids 5?'/'*' 

Sr * 

plants. ^ " * J^nddleia are grown as ornamental 

pn«„ e „I ,en„a^S\SEr„^S“ 

mtreola m Loganiaceae) makes the connection still ciS The 
Bnddleioideae, on the other hand, with their toothed lea'is ami 
falsely tetrainerons flower, suggest an affinity with SerophXri;er 
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Family II. GENTIANACEAE 

Flowers bisexual regular, generally 4- to 6-merous. with 
reduction to two m the pistil. Calyx variously divided 
aestivation pierally imbricate. Petals united below into 
a tube varying m form, segments erect or spreading with 
generally contorted aestivation. Stamens as many L and 
alteinating wutli the corolla-segments, variously placed on 
the corolla; anthers attached at the base or the back generaUv 
dehiscing introrsely by two longitudinal slits. Ovary superior 
(half-inferior in Villarsm), generally unilocular Wth two 
variously developed parietal placentas which rarely meet in 
the centre forming two chambers; ovules generally very 
numerous, anatropous or half-anatropous ; style simple with 
undivided or bilobed or bipartite stigma; glandular disc- 
developments are frequently found at the base of the ovary. 
Fruit generally a membranous or leathery capsule splitting 
septicidally into two valves. Seeds small akd numerous, testa 
various; embryo sniallj endosperm copious. 

Generally annual or perennial herbs with opposite entire 

exstipulate leaves and cymose flowers. 

Genera 70; species about 800. Distribution world-wide, 
but mainly temperate. 

The plants are herbs, either annual, or perennial by an 
underground rhizome, rarely shrubs. They generally grow 
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erect' and have a marked dichotomous branching ; the Asiatic 
'Crmvftmlia has a climbing stem. Others are low-growing 
and .caespitose, often forming large clusters, as in the alpine 
Gentians. 

The leaves are opposite and decussate,, except in Meny- 
anthes and a few allied aquatic or marsh genera, where they 
are, radical or alternate. 

A saprophytic habit has originated in several parts of the 
family in single or small groups of closely allied genera, 
chieiy American, but also Asiatic and African. The plants 
are small, slender, low-growing herbs containing little or no 
chlorophyll with leaves reduced to scales. Voyria, with 



Fig. 219, Gentimmamulis. A. Flower in longitxidmal seetion. B. Floral diagram 
(of G. verna), C, Fruit. D. Seed, enlarged. (After Le Maout and Decaisne; 
B after Eicliler.) 

briUiant-coloured scale-leaves, has three species in Guiana, 
and the nearly allied Leiphmmos (fig. 220) 20 species, chiefly in 
the tropical forests of America and the West Indies, with two 
in tropical Africa. Cotylanthera is Asiatic, while Bartonia and 
Obolarm, both of which contain chlorophyll, are Atlantic 
North American.. 

[ MenyantJies and the allied genei'a with alternate leaves 
have : been separated under .the name Menyanthoideae: as,. a 
distinct subfamily from the .rest of the genera, Gentianoideae, 
and anatomical characters .support this distinction, the 
Gentianoideae having bicollateral bundles in the stem,, while 
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ill Menjrantlioideae ;tliey are collateral; in the latter also inter- 
cellular hairs occur comparable -with those inNympIiaeaceae, 

The inflorescence is generally cymose, often dichasial, 
resembling that of Caryophyllaceae, the lateral branches 
frequently passing into inonochasia ; sometimes it is reduced 
to a few flowers or a single axillary or terminal one, as in 
some Gentians; true spikes or racemes are rare. Bracts and 
bracteoles may be present or absent. There are rarely more 
than four or five members in each whorl; Blackstonia (GJdora) 
(Yellow Wort) has six to eight. The catyx is sometimes. div.ide(i 
almost to the base, generally however it forms a tube with 
teeth or segments wdiich are .imbricate in the bud, m,ore/ 
rarely yalvate or open. The corolla shews great variety in 
form; for instance among our British genera it is rotate i,!i 
Blachstonia, salver-shaped in Gicendia, fuiinel->shape(l in 
Erythraea, and rotate-cylindrical, beU-shaped, fiinnel-sliaped 
or salver-shaped in Gentimia (fig. 219). I.n the subfamily 
Gentiaiioideae, which includes the great majority of the 
genera, the corolla-lobes are with few exceptions twisted to 
the right in the bud, in the Menyanthoideae they are in- 
duplicate and valvate. The throat is often fimbriate or scaly, 
and in Stvertia nectar-secreting pits, often vdth fringed 
margins, are found near the base of the segments. 

The stamens, which are generally equal in length, are 
inserted at very different heights on the corolla-tube; the 
filaments are slender, rarely broadening at the base. The 
anthers are most frequently dorsally attached and versatile, 
sometimes basifixed; Exacmn (tropical Asia) is exceptional 
ill having dehiscence by tivo apical pores; after escape of the 
pollen they may become spirally tvdsted (as in Erythram); 
in a few genera they bear glandular structures ; occasionally, 
as ill many species of the saprophytic genera Leipfiaimos 
and Voyria thej" unite laterally, forming a tube. Dimorphic 
floivers are freque.nt, as in the Bog-bean [Menyanthes), and 
pleoiiiorpliy occurs in the monotypn Brazilian genus HocIi> 
inia. There is considerable variation in tm.-size and shape of 
the pollen-grain, the sculpture of its extine ad the iiiimtwer 
and position of the germ-pores,, and the cli^ision,•y%€as bearing 
into tribes and sub tribes by Gilg, in tlie Fftanr^^^ 
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based <piiniarily on pollen-characters. There is also niiicli : 

: variety in.. the form of the nectar-secreting dise-developmentsv 
■which are iisiialty situated afthe base of the ovary; in the 
length of the. style, which may co.nspicuoiisly exceed the, 
corolla or be altogether absent; and the stigma may be 
entire with great diversity of form, or more or less variously 
bilobed. Characters derived from the stigma are largely used 
by Bentham and Hooker for the discrimination of genera. 

The two carpels have generally a median, more rarely a 
transverse position ; there is great variety in the develo.piiient 
of the parietal placentas, which are very slightly developed * ■ 
or protrude so far as to meet in the centre and form an axile 
structure, the ovary becoming bilocular, a characteristic of li, 
the tribe Exacme; occasionally it grows out again to form an 
apparently 4-locular ovary. The ovules have a very short 
funicle and are often sunk in the tissue of the placenta. 

Rarely, as in Plewrogyne, more or less of the inner surface of 
the carpels is ovule-bearing (superficial placentation). 

The flowers shew many adaptations for pollination by 
insect-visits ; such are the brilliant colour and the association 
of the plants in large numbers, as in the alpine Gentians ; the 
presence of nectaries at the base of the calyx, on the corolla, 
or very generally at the base of the ovaiy, and the frequency 
of dimorphy, proterandry and proterogyiiy. In Gen-imna the 
flowers are adapted to very different types of visitor— 
lutea with a rotate corolla, yellow in colour, and the nectar * 
freely exposed, is adapted to short-tongiied insect-visitors; 

G. Pne^imonanthe has a bright blue corolla vith a long tube 
and is visited by humble-bees ; G. verna has a still longer and 
narrower tube and is visited by Lepidoptera. 

The numerous small seeds are borne on the incurved edges 
of the pair of valves resulting from the septicidal dehiscence ■ 
of the capsule ; in the Menyanthoideae the.deMseesoe is more. '‘• 
or less irregular. The seeds are^- variously shaped, with a 
smooth, ribbed, ' warty. ,„_l^^tt6ulately or variously marked 
Investigatior/' of' some saprophytic species reveals 
excej^^Shs to the' copious, endosperm and small, 
an the fa-mily ; in LeipJiamios. (fig. , 220) 

Ten lano ae, naked, many reniaiii sterile, and 

X 
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the fertile develop seeds wliich contain only a few endosperm 
cells and an niidiffereiitiated embryo consisting of a row of 
cells (l-*"4). Guerin lia-s observed the frequent occurrence of 
numerous antipodal cells in the embryo-sac. 



Wm. 220. Leiphaimos apkylla. A. Plant shewing flower and fruit, x |, B. Flower 
in longitudinal section, x 1|-. C, D. Front and back Adews of stamen, x h5. 
E. Fruit siiiTounded by withered corolla, cut open shewing placentas bearing 
the thread-like seeds, X 1|% F. Transverse section of fruit, x 7. G. Seed, 
X 45. { A, C, D, F, G after F/on J5ra^. and Gilg.) 
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Tlie family has a world-wide. distribution, and rc])resentatives 
adapted to very various conditioris; for jnstance. among our 
British species dry sand-loving plants,' as Ctccndia filiformis 
(rare ill Britain), marsh-plants, as Ilevi/ahthes (Bog-bean), 
floating water-plants, as Lim/nanthemuni peltatuni, grass-land 
plants, as Blackstoma {Cldora) ov Erythraea ('enimirmm, 
or alpines, as GenMmia. The largest genus Genikvna (4(10 species) 
is distributed over the whole of Europe (including arctic but 
excluding South Italy, and Greece), the nioiintains of Asia, 
South-east Australia and New Zealand, the wiiole of North 
America and. along the Andes to Cape Horn; it is absent from 
Africa. Some genera, on the other hand, have a remarkably local 
distribution; several, for instance, are coiiiined to limited areas 
in tropical America. 

The family falls naturally into two subfaiiiilies. 

I. Gentianoideae. Leaves oj)posite and decussate ; corolla-lobes 
twisted in bud. 65 genera. 

II. Menyanthoideae. Leaves alternate; coro,lia-lobes ' in- 
diipiicate and valvate in bud. Five genera of aquatic or marsh 
plants. 

The Gentianoideae are variously subdivided into tribes by 
characters based on the length of style, the size and iinportance 
of the placentas in the subdivision of the ovary, the development 
of the anther-connective, and, in .more recent arrangeinents, the 
nature of the pollen. 

The very general presence of bitter principles in all the vege- 
tative parts, especially in the rhizomes and roots, has given a 
medicinal value to many species, as Genitalia kiiea (and other 
spemes). Bmi 3ien.yantJies trif(Molata. 

Gentianaeeae are allied to Loganiaceae, from wliich they differ 
in their iisuaii^^ unilocular ovary with parietal placeiitatioii, their : 
exstipiilate leaves, and the presence of a bitter principle. 

Family III, APOCYNACEAE 

Flowers bisexual, regular, generally pentaineroiis (soine- 
tiiiies tetramerous) vith reduction to two in the pistil. Calyx 
generally divided almost to the base, segments ..■with quiii- 
cuncial arrangement. Corolla' generally salver- . or . fimnel- 
shaped, aestivation „of the segments contorted, the throat or. 
interior of .the tube, often with ha.irs 3 scales or other out- 
growths; „ .Stamens, on the tube or throat .of the; corolla and 
alternate; with its segments; filament.s, short, anthers iiitrorse, 
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free or connate and often adhering to the stigma, the cells, 
sometimes em-ptj below and prolonged into spines; pollen 
granular; disc rarely absent, entire or lobed or of 2-5 scales. 
Clarpels rarely exceeding two, free or connate ; superior or 
sometimes ■ partly i.nferior (as in Plumiera ) ; style simple, 
often with a thickened stigma-head ; ovules qo , anatropoiis, 
generally pendulous. Fruit various; seeds often, flat, winged 
or comose; endosperm cartilaginous or fleshy, sometimes 
absent. 

Generally woody climbers, more rarely erect, or rarely 
perennial herbs; latex present in imsegmented tubes; steni- 
bundles bicollateral. Leaves simple, usually opiposite, more 
rarely whorled or alternate, entire, rarely with small inter" 
petiolar stipules. Flowers solitary or in racemose iiifloreseences 
passing into cymose; bracts and bracteoles present. 

Genera 155; species about 1000. Mainly in the warmer 
parts of the world. 


The perennial herbaceous or suffruticose habit of our 
British representative Fmca (Periwinkle) obtains only in a 
few genera; erect shrubs and trees are not very numerous, 
such are the Oleander (Nerium), a large shrub of the Medi- 
terranean region growing on riverhanks, or the east Asiatic 
AMoniay which comprises shrubs or trees reaching 100 ft. in 
height and with generally whorled leaves. In some genera 
the erect stem has a tendency to become succulent by 
development of a thick parenchymatous cortex ; an extreme 
case is seen in Adenium, a small genus from tropical Africa 
and Arabia, with a thick tuber-like stem with fleshy branches 
and spirally arranged more or less fleshy leaves. The com-- 
moiiest type is the climbing shrub, many species fonm 
Manes in the tropics of both hemispheres, having general 


or 


twining stem, but occasionally, as in species of Lcmd 


.aged 


and Glitmidra, the stems of the inflorescences are 
tendril-like. The flowers are very rarefy solitary, as 
.generally they are in several- or many-flowered ■ 

which correspond with the leaf -arrangement, being i'’ 
'decussate . when the leaves have the usual arran ii ..: 

umbellate, when, as , in Alstonia, the leaves are 
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the mltiiitiate branches dichasial or iiionocliasial cymes are 
deyelopeci, 

: The arrangement' of the -sepals, which are often iiiiitecl only 
at the base, is qniiicimcialj the odd member, the second in 
the order of' development, being posterior. Glaiid-striictiires 
varying in form and number are frec|iiently foiiiicl, at the base 
of the calyx. While the salver-shape (as and fuiinel- 

shape. fas Nerinm) are the commonest forms of corolla, other 
shapes also occur, as for instance in Allamamda^ a well-known 
greenhouse climber with handsome bell-shaped flowers. The 
hairy or other outgrowths frequently occurring at the throat 
or on the tube may be compared vith the definite corona of 
the Asclepiads. The right or left direction of the twisting of 
the corolla-segments is constant in individual genera; a few 
genera are characterised by valvate aestivation. 

The position of the stamens, at the throat, or deeper in 
the corolla-tube, varies, but the filaments are always short, 
and the anthers as a rule included in the tube. Each half of 
the anther has two cells ; the inner and outer cells are similar 
or the former are shorter than the latter which are more or 
less drawn out into tails empty of pollen and becoming 
thickened to form spine-like processes which may be com- 
pared with the more definite appendage in the Asclepiads. 
The pollen is generally of simple form, spherical with a fine 
granulation and three equatorial bands; in the genus Con- 
dylocarpm the grains remain united in tetrads. 

The iiectaf-secreting hypogjmoiis disc shews great variation 
in form, passing from a bowl-shape through lobed structures 
to a gradual separation into five scales. Very rarely are there 
nore than two carpels, a few genera having 3-5 ; they are most 
quently free, passing above into a common simple style; 
they are united the ovary is one- or two-chambered, 
timeixacteristic of the family is the cylindrical, ellipsoidal, 
genera^^ or otherwise-shaped enlargement of the stigma-head 
cuncial ich the anthers are often closely related. The stigma 
shaped, )ilobed above but the receptive portion is below the 
interior the median line or at the base of the head- 
growths. . the position ' of' the ■ anthers self-pollination is 
.alternate impossible/ and insect- visits, for which tb' 
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flower is emiiieiitly adapteclj are ■ necessitated (see 
fmnor. Eg. 221). The generally nnmerons ovules are situated 
on paiietal placentas or, in two-chambered ovaries, on the 
partition wall. 

In ^ the most coiiimon form of fruit each ca..rpel ripens to a 
follicle dehiscing by the ventral suture to allow the escape of 
the seeds which are generally winged (fig. 222) or crowned 
with a tuft of hair w^hicli assists distribution. 



Fig. 221. Vinca w/mor. A. Flower in vertical section shewing tJie entire style 
and the stiginatic apparatus; s, disc with viscid edge which forms the re- 
ceptive surface for the pollen; above the disc is a ring of hairs, c, on which 
pollen collects as shed from the anthers, a, A slender proboscis on enterino* 
the tube of the flo%yer becomes smeared with viscid matter, which wifi 
draw pollen from the collecting hairs as the proboscis is withdrawn; this 
pollen will become attached to the stigmatic disc of the next flower visiteci 
/, kneed filament of the stamen; the barren outer cell of each anther is 
drawn out into a point which bears a small tuft of hairs and comes in close 
contact with the extreme top of the stigma. The corolla-lobes are more 
spreading than shewn in the drawing. B. Floral diagram ; d, pair of nectaries 
at the base of the ovary. (B after Eichler.) 

Apocarpous fruits are sometimes fleshy and iiidehisceiit, or 
may be oiie-seeded, forming sometimes a pair of winged 
mericarps, as in the West Indian Cameram. The tropical 
South American genus Gondyhcarpus takes its name from 
the separation of the ripe fruit into one-seeded joints. In 
Mmiwolfia, a large genus in the, tropics of both ..Worlds, tliO' 
fruits are free or united at the base. 

In .genera with a syncarpous- ovary the fruit is generally 
indehiscent, fleshy and. berry-like, as in LandolpMa .(a tropical 
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and Soiitli African rubber-yielding gemis), where the fruit 
has a leathery exocarp enclosing an- acid pulp derived from 
the hairy seed-coat. In Oerbera . Manghas the fruit is dru- 
paceous, a fleshy exocarp siuTOunding a tough fibrous iiieso- 
carp and hard woody endocarp containing 1~2 seeds; it^ is 
adapted for transport bj" sea-currents,,, the fi.bre forming a 
float, as in the Coco-nut, and has a wide distribution, growing 
on the shores between the tides from Madagascar and further 
India to China, N.W. Australia and the Pacific Islands. 
Finally the syncarpous ovary may produce a twn-valved 
capsule, as iii Aspidosiwrma and AUmnamla] in the latter it 
is prickly. 

The seeds in the dry frnits are geiieraU^r winged (as in 
Plnmiera, Allmnmida) or bear a tuft of hairs, usually developed 
at the micropyle, but sometimes at the base of the seed 
{Kichxia), or sometimes, as in Stroj^hcmiJms, at both ends. 

The embryo has large cotyledons which are thin, and flat, 
or more or less bent or rolled and enveloped in a copious 
endosperm, or fleshy when the endosperm is absent. 

The great majority are tropical, the number of species being 
fairly divided between Old and New Worlds. A few genera are 
temperate, as Apocgmm (five species from South Europe to 
China and the Eastern United States), Nemmi (three species from 
the Mediterranean to Arabia, Persia and India) and Finca (five 
species in Europe and Western Asia) ; in minor, our only 

British representative, the family reaches its most iiortheriy 
limit in Europe. Representatives of the family are also found in 
New Zealand, at the Cape (as Landolphia capmsis) and in tem- 
perate South America, 

The caoutchouc-containing latex renders many s|)ecies of value 
commercially; such are Landolphia (Africa), Kichxia (Africa and 
tropical Asia) and others. The latex is frequently extremely 
poisonous. Seeds of species of Strophantlms (Africa and Asia) 
yield a powerful drug. Some of the pulpy fruits are eaten. Many 
species are cultivated for their shoivy flowers; such are A 
Pipkdemu and Nermm (Oleander). 

In the exposition of the family by Sehumann in the 
familien two subfamilies are recognised, each containing about 
half the number of genera. ' . 

I. Plumieroibeae. Stamens free^:M;Limly slightly attached to the 

stigma-head ; , , anth erS: 'without , tails ; seeds usually 
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without a coma; corolla-lobes often twisting to the left. Iii- 
clueies Pkimiera (fig. 222) and Vinca (fig. 221). 

II. Eghitoidbae. Stamens closely ■ attached to the stigma-head ; 
anthers tailed, and the outer cells empty at the base; seeds 
generally with a coma; corolla-lobes generally twisting to the 
right. 



Wig. 222. Plumier a rubra. A. Leaf. B. Inflorescence. C. Base of flower in 
longitudinal section, x 12; note the half-inferior ovary; .s\, swollen rec(o>tiv<3 
part of the stigma. D. Fruit; the right-hand follicle is dehiseiiiu, the 
placenta bearing the seeds projects through, the separated ventral edge^s of 
the carpel. The lower portion only of the left-hand follicle is seei^*, E. Winged 
seed, nat. size. A, B, D about f nat. size. 

The E chi toideae shew in the anther-characters, relation of 

the anthers to the stigma and other points, a strcfig affinity with 
the next family Asclepiadaeeae. . ■ 
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. Tlie,s,iiMamiiies are subdivided iuto tribes based, on oliaracters 
■derived froiii tlie greater or less union of the carpels, the number of 
, the. seeds, and, tlie inclusion or not of the anthers in the corolla- 
tube. , , 

Eamily IV. ASCLEPIADACEAE 

Flowers bisexual, regular, confoimiing to the plan S5, P5y 
A5, G2. CaljN very deeply divided, arrangement quincuiicial, 
•until the odd sepal posterior. Corolla gamopetalo us, often 
rotate, segments with contoided, more rarely valvate, aestiva- 
tion; either corolla or stamens or both may bear appendages 
of various forms forming a single or double corona. Fila- 
ments of stamens very short or none; anthers generally very 
closely attached to the pistil forming a gynostegium, rarely 
free; pollen sometimes united in tetrads and granular, but 
generally the contents of each half-anther cohere in waxy 
pollinia; disc absent. Carpels superior, free, with numerous 
anatropoiis pendulous ovules on the ventral placentas; 
styles two, cohering above and dilating to form a flat five- 
angular or “lobed stigma-head, on the underside of which are 
five receptive surfaces. Fruit of two follicles; seeds generally 
bearing an apical tuft of hair; endosperm usually sparse,,, 
cartilaginous. 

Perennial erect herbs, or shrubby or woody climbers; 
rarely erect shrubs or trees; sometimes succulent. Leaves 
opposite-decussate, rarely wliorled or alternate, 
generally entire. Flowers cymose or racemose. 

Genera 280; species about 1800. Mainly tropical. 

As in Apocynaceae the common habit is that of the shrubby 
climber; perennial herbs also occur, especially in the dry 
districts of South and Central Africa, the plant persisting 
by an miderground tuber-Mke rhizome; trees and large 
shrubs, „are rare. , ■ ■ 

A succulent habit characterises sbme genera ; doya, a 
well-lmc'’g greenhouse plant, has fleshy stem and leaves ; 
extreme cyt 's are found in the South African and 

allied geneiil^vhich are eminently xerophytio plants with a 
Cactus-like i^^bit, having thick fleshy stems ■ and leaves 
reduced to thorns or scales.,. The Iiido-Malayan k 
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■epiphytiej climbing, b3r means' of adventitious' roots; , the 
leaves are fleshy with a covering of wax;, D. Mafflesiana has, 
modified pitcher -leaves in which debris and water collect 
and into ■wliicli an adventitious root-sj^^steni grows. 

Biisich^ finds endotrophic mycorrhiza to be, of frequent 
occurrence in the roots, especially in succulent species. 

, The As'clepiadaceae closely resemble Apocynaceae in ana- 
, tomical characters, and. have, like the latter, laticiferoiis tubes 
and bicollateral vascular bundles. - ' 

There are two types of inflorescence. In one the axis ends 
ill a flower, 'while branching occurs in the axils of the two 
bracteoles producing a dichasial cyme ; as usual, one branch 
grows' more strongly than the other and in the ultimate 
branching the inflorescence becomes monochasial. The other 
type is racemose, either a race.me or umbel (fig. 223). AVlien. 
the inflorescence is axillary there is usually only one at ea,ch. 
node, the other leaf remaining sterile or subtending a vege- 
tative shoot. In some relatively large-leaved species, as 
Asclepias Cornuti of gardens, the inflorescence arises, not in 
the leaf-axil but in. the space between two leaves, and ofteri 
at a higher level. This inaj^ be due to a sympodial develop- 
ment, the inflorescence-axis being terminal, or to subsequent 
displacement and adhesion of the flowering axis to the shoot . 
The flowers are generally small; relatively large in Ceropegiay 



regularly alternating pentamerous whorls of sepals, petals, 
and stamens respectively, and a bicarpellary pistil crowning 
the axis. The corolla is generally deeply divided with spreading 
segments (rotate), but the tube may be longer, forming a 
salver-shaped corolla, as in Stephanotis, or the remarkable 
pitcher-like structures of ' Ceropegia which are often zygo- 
morphic. Great variations occur in the form of the corona- 
like petaloid appendages springing from the backs of tlie 
.stamens, or occasionally from the corolla. The five stamens 
and two carpels .arise separately on the floral axis. The ovaries ^ 
remain free, . but .the styles unite to form a common swollen ^ 
stigm,a-.h.e.ad which, may be flattened^ or more' or '|ess coiiicab 

i 7erk Zool-Bot.Gesdl Wien,hxm, 24:^^^ 
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or even beaked; the receptive surfaces .are on the edge or 
under side. 

The anthers are united laterally to form a five-sided blunt' 
cone which, except in the subfamily Periplocoideae, is 
attached on the inside to the stigma-head ; this ' iinioii of' 
anthers ■and pistil forms the gynostegium. As in Apoc}rnaceae 
we may distinguish two subfamilies which differ in staininal 
characters, the Periplocoideae containing 46 closely allied 
genera, representing a less specialised type, with granular 
pollen associated in tetrads and stamens often stalked, and 
the Cynanchoideae comprising the rest of the family and 
representing a more specialised type with the pollen in each 
anther “half united into a single wax -like pollinium, and the 
anthers almost or quite sessile. 

The most marked distinction between x^sclepiadaceae and 
Apocynaceae is the presence in the former of the so-called 
translator by aid of which the pollen is transferred. In the 
simpler group (Periplocoideae) it consists of a somewhat 
spoon- or funnel-shaped structure betv-een each anther, 
ending belo\v in a sticky disc. The granular pollen from one 
half of each of the tw’o adjacent anthers is poured into its 
concave receptacle. In the more elaborate typical members, 
the translator consists of tw^o parts, the corpusculum which 
is attached to the margin of the stigma-head betw-een the 
anthers, and a pair of arms by which the corpusculum is 
attached to the pollinia of the adjacent anther-lialves. The 
length and form of the arms vary widely, affording charac- 
ters for the distinction of genera. 

Pollination in the simpler group recalls that of the 
Oplirydeae among the orchids; in the male stage of. the flower 
the sticky basal disc is turned outw^ards and will adhere to 
the head of an insect-visitor, which on retiring will carry off 
the whole translator with its pollen-contents, and on visiting 
another flower may deposit pollen-grains on the stigmatic 
surfaces on the underside of the stigma-head. In the Cyiiaii- 
choideae an insect visiting the. flower for nectar catches its 
...leg in .the slit left betw-een the cells of adjacent, anthers and 
1,11 ..drawing, it up comes in contact with the notched base.' of,, 
the corpusculum andffrags the latter off, bearing with it the 
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pair of polliiiia. The arms of the ^translator are hygroscopicj 
and a.s dry bring the pollinia together, increasing tli,e 
hold on the insect’s leg. The stigmatie surface lies beiieatli 



Fig. 223. Asdepias curassavica. A. Flowering shoot, redueed, E. Flower, x 4; 
c, corolla; the coronal appendage, ap^ of one stamen iw bent l)aek. 
(1 Floral diagram. D„ Gynostegi um, x 8. E. Pollmiuni, x 12. r/p, aii|;)emlag<* 
from the back of stammT anfH^ in which are emfictided the Iwo ])ol lea- 
masses, Pi c, conmisciilum; /, translator; s, stigmatie surface; /, litmieiif; 
of stamem; o, ovary. F. One follicle dehiscing, xf. G. ^^ecd, cat loiigitridia- 
ally' to shew’ the embryo, X 2-Jr 

the anther-slit, so that in visiting a flower in the female stage 
the act of catcliing the leg in the slit will cause the 
to become attached to the receptive surface. The coi-iij^e 
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appendages are often associated '"wdtli the secretion and 
storing of nectar (fig. 223). 

' There is a great uniformity in the fruit, which consists 
of a pair of follicles containing numerous ovate-ohloiig to 
oblong seeds which with few exceptions are crowned by a 
tuft of hairs facilitating their dispersal by aid of air-currents. 

The family is almost exclusively tropical, only a few genera 
occurring in temperate regions. The Old World is richer in generic 
types, containing two-thirds of the total number of genera as 
against one-third in America. In the Old World the nortlierii 
limit is represented in Vincetoximm, which reaches 61^^ latitude 
in Scandinawa; in North America Asdepias is Canadian, one 
species marking the northern limit at 54° latitude on the Sas- 
katchewan. Ill the southern hemisphere the family is sparingly 
represented in temperate South America and Australia, but South 
Africa is very rich, containing inaii}^ genera and more than 400 
species. 

As alread}^ indicated there are two well-marked subfamilies. 

I. Peeiplocoideae. Pollen granular, in tetrads; translators 
spoon -shaped with a basal adhesive disc. 46 genera. 

II. Cynanchoideae. Pollen aggregated in two, or in Semmone. 
four, wax-like pollinia ; translators differentiated into a corpus - 
culum and a pair of arms. 230 genera. This is subdivided into 
tribes, according to the number or position of the |>ollinia with 
regard to the arms, as follows : 

AsdepiadeMe. Pollinia pendulous on the arms. Asdepim (fig. 
223), Cipmnditmi. 

Secaniomae. Pollinia four in each anther. Secarnone. 

Tyloplioreae, Pollinia erect. Ceropegm^ S^apelig^ StepImnotiSy 
Hoy a. 

Gonolobeae, Pollinia horizontal. Gonolohis. 

Asclepiadaceae are closely related to Apocynaceae, the 
only important difference being the great specialisation in the 
stamens and pistil to ensure transference of the pollen in the ■ 
Asclepiads. 

Order 3. CONVOLVULALES 
Family. CONVOLVULACEAE 

Flowers regular, bisexual, .rarely- dioecious .by abortion, 
JV^gy^oiis, conforming, to; the formula S5, P5, A5, G(2). 
generally,, free, with .qnincuncial aestivation, the outer 
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often larger than the inner, persistent. Corolla ganiope talons, 
generally entire or slightly five-lobed, and indiiplicate- 
valvate and twisted in the bud. Stamens inserted on the 
base of the corolla-tiibe and alternating with the petals; 
anthers two -celled, generally introrse, each cell dehiscing hy 
a longitudinal slit; intrastaminal disc generally present and 
ring- or cnp-sliaped. Ovary superior, rarely of three or five 
carpels, syncarpous, with a broad base, l-24ociilar, rarely 
S-lociilar (or by development of a spurious septum 4-locular), 
with two erect anatropous sessile' ovules springing from the 
inner angle of each chamber, the micropyle pointing down- 
wards; style generally simple, filiform or more or less bi- 
partite, or two distinct styles; stigma terminal and capitate, 
or two distinct stigmas of various shape. Fruit generally a 
capsule with loculicidal dehiscence, rarely iiidehiscent and 
fleshy or nut-like ; seeds as many as the ovules or fewer, as 
usually in the indehiscent fruit; endosperm cartilaginous, 
surrounding the embryo wdiich has generafly broad folded 
or bent, often emarginate or bilobed cotyledons, and the 
radicle directed tow^ards the hilum. 

Annual or perennial herbs, often twining, more rarely 
shrubby, very rarely arborescent; leaves simple, alternate, 
exstipulate. Flowers often showy, solitary and axillary, or 
in few^- to many-flow^ered axillary dichasia; bracteoles 
generally small. Important anatomical characters are the 
presence of latex and bicoilateral vascular bundles. 

The family Convolvulaeeae is generally included in 
the next order wdtli wMch it shew^s many resemblances, 
especially to the earlier famihes, but is distinguished by the 
placentation of the ovules and the presence of latex; the 
large embryo wdth folded cotydedons is also a notable feature. 

Wettstein suggests that the Convolvulales may have had 
a separate origin from the dialypetalous Dicotyledons near 
that, which gave rise to the Tubiflorae, and regards them as 
allied pliylogenetically to the Malvales or Geraniales. 

Genera 47; species about 1100. Mainly in the wanner 
parts of the world. ' 

Ckiscuta (Dodder) , is a genus of leafless parasites with 
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slender pink, yellow or whitish dwiniiig stems; the seeds 
’geriiiiiiate ill the groiind, producing a filiforni leafless stem, 
the coiitiiiiied existence of which depends on its attachment 
to a host-plant, from which it henceforth derives iioiirish- 
iiieiit by suckers; hj withering at the base it loses all con- 
nection with the soil. 

The most highly developed members of the family are 
twining plants with generally cordate leaves, and large 
showy white or purplish flowers; such, for instance, are many 



Fig. 224. A. Flower of Cali/ste(/ia sepium, E. Flower of Convolvidus Scmnm,onm» 
opened out. 0, Pistil oi Calystegia sepimn. I). Flower of Argyrma pornacm^ 
the corolla and stamens removed. E. Longitudinal section of pistil of 
Dkhondra. F. Same of Convolvulus, G. Ovary of ConiKdinilus in transverse 
section. H. Caj^sule of Calystegia, with persistent bracts and sepals. One 
valve of the capsnle turned back to sheAv one of the seeds. 1. Seed of 
Pharhitis hispida, cut lengthwise shewing folded embryo. C-G and I 
enlarged, (A, C, H after Nees; Bj E after Peter; I after Wettstein.) 

species of the largest genus Ipomoea, and those of the allied 
geiiem ' Gahnyction^ Argyreia and others, or our native 
Calystegia sepium (Bindweed). But among the less highly 
developed groups of genera other tj^ies prevail. In the small 
tribe Dicliondreaey the ovary of which recalls the more 
characteristic Boragiiiaceae in' its ultimate division into two 
or four portions and. its two distinct gyniobasic stydes (fig. 
224, E), the plants are small pi'ostrate or creeping herbs with 
very small axillary ' solitary flowers . , In the larger tribe 
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Dicrmiostyleae, in. wEicli the styles are more or less com- 
pletely distinct, the plants are generally low-growing or 
iiiidersliriibs with small flowers, .solitary or in. few-flowered 
cymes, as in the wddely-spread Cressa cretica, or the common 
tropical weed Evolvulus alsinoides. Others of this tribe 
developed imder desert conditions, such as HildebrmMa, 
endemic in the arid regions of north-east tropical Africa, 
have a much-branched shrubby habit with the slender rigid',, 
woody branches often ending in spines and bearing the small 
leaves and small solitary Aowexs on. short dwarf shoots.. 
Another, Seddera (chiefly African and Arabian)', comprises 
iinderslirubs with spreading rigid branches bearing small 
sessile or subsessile leaves, generally protected by hairs, and 
very small solitary flowers. To the same tribe belong a few 
small genera comprismg high-climbing shrubs, nearly glabrous, 
with large elliptical leathery leaves and a densely hairy in- 
florescence of very small flowers arranged in racemes or 
panicles. Such are the tropical Old World Newropeltis, and 
the tropical American Dicranostyles. Of similar habit are the 
Eryciheae, in which hoW' ever the style is simple or suppressed ; 
Hmnbertia from Madagascar is exceptional in forming a 
large tree. 

The two largest genera, Convolvulus and l2:)omoea, repre- 
senting the tribes Convolvuleae and Ipomoeae, shew great 
variety in habit and include erect or prostrate herbs or 
undershrubs, sometimes annual but more often perennial 
from a tough Avoody rhizome by means of which, under 
desert conditions, the plant is enabled to persist from season 
to season. In Convolvulus Scammonia (Scaiiiinon}^) the 
rhizome is thick and tuberous. In Ipomoea Batatas (Sweet 
Potato) and others the lateral roots become fleshy. In the 
dry districts of the eastern Mediterranean area and Arabia, 
species of Convolvulus heoomQ spiny shrubs, ■\yith great 
reduction in the size, of the leaves, .or assume, a broonvlike 
..habit. Under. more favourable conditions long tra|iiig leafy:; 
stems, are developed, as in oim common Small .'-flindweed . 
((7. arvensis), which often tend more or less. tO/* climb, and 
suggest . the development . . of ' the climbing habit , which 
characterises higher members ef the group, and is .generally 

3 ^, , 
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associated with an increase: in the size and nniiiber of the 
flowers. , Another adaptation of the creeping stern is found 
in the sand-binders, such as oiu' native Oah/siegm SokimieUa 
or the tropical Ipomoea pes-eaprae (fig., 225). 

.There is great diversity in the .form of the leaves, , which 
are generally stalked and without exception . e,xstipiilate. 
Scale-leaves are absent from the aerial shoot; this, like, the 



Fig. 225. Ipomoea pes-caprae. A. Portion of plant, | nat. size. B. Lower part 
• pf flower in longitudinal section, x 3. C. Pollen - grain, x 30. B. Fruit, 
cui'smi exposing the seeds, IJnat. size. E. Seed, x 3. F. Seed cut length- 
wise curved embryo and endosperm. 

absence stipules, w^hose function is frequently protective, 
is perhapA ^i-ssociated with the fact that the family is mainly 
tropical aiw subtropical,- and those 'species which are exposed 
to rigorous rBiiditions- at' certain seasons of the year reiiiaiii 
dormant durif^'^g unfavourable period. The buds on sub- 
terranean sh(l^^*'3 are' protected by 'scale-leaves. ^ The leaf- 
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margin is entire, often with a hastate or cordate base, or the 
blade is more or less deeply digitately or pinnately (QuamocUt 
vulgaris) lobed. The shoots are glabrous, or variously covered 
with hairs. 

The flowers are solitary in the leaf-axils, wdth the two 
bracteoles scale-like and at some distance below the flower 
(Bindweed) or, as in Galystegia, large and enclosing the calyx ; 
in NsuropcUis one of the bracteoles becomes iniicli enlarged 
in fruit, forming a membranous wing to which the fruit is 
attached, and serving as a float. Generally branchiiig occurs 
forming compound axillary dichasia, which may become 
capitate through suppression of the stalks of the second and 
following orders, as in Ipomoea pes-tigridis and others; in the 
higher branchings the inflorescence often becomes mono- 
chasial. By diminution of the foliage-leaves, in the axils of 
which the solitary flowers or dichasial inflorescences are 
borne, a terminal raceme or raceme of dichasia may arise, 
a more or less complete separation occurring between the 
flowering and vegetative portions of the shoot. In the small 
tribes, Poraneae and Erycibeae, the members of which are 
chiefly shrubby climbers wdth large leathery leaves, the 
flowers are in true racemes or panicles. 

The flowers are regularly pentamerous, wdth reduction to 
two in the gynoecium ; in some species of Ipomoea there are 
three carpels and in the tropical Asiatic Erycibe the gynoe- 
ciuni is pentamerous; Hildebrandtia, an East African xero- 
phyte with small leaves and stiff thorn-like branches, is 
dioecious and has generally tetramerous calyx, corolla and 
aiidroecium. The sepals, which are usually free, rarely more 
or less united, shew considerable variation in size, shape and 
covering, affording valuable systematic characters; they are 
smooth, w^arty or variously hairy, orbicular or more or less 
elongated, determining the shape of the bud , and thv.opical 
or three outer ones are often strikingly larger than t^'terraiieaii 
a difference which sometimes becomes 
fruiting stage, ' i.egm 

The corolla is somewhat uniform in shape, g®^T^%racteoles en- 
shaped, with entire or slightly lobed margin^* 
bell- shaped or tubular ; a characteristic featuj)() species in the 
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details of wliicli afford nseM .generic, characters, is the more 
or less evident demarcation into longitudinal areas, five 
stronger areas tapering from'base to apex, corresponding to 
the middle of the petals and characterised by well-marked 
longitudinal vascular bundles,' alternating with fi.ve non- 
striated .w^eaker triangular areas, which in the b.iid are folded 
inwards, the stronger areas only being exposed and shewing 
a twist to the right. The length of the slender . filaments of 
the ■ stamens varies \videly, often in the same- flower ; the 
ovate to linear anthers are attached dorsally, they are two- 
celled and dehisce more or less introrsely by longitudinal slits. 

In Convolvulaceae, as in some other families, considerable 
importance has been attached to the character of the pollen 
in the distinction of genera. Tw^o principal forms are dis- 
tinguished, an ellipsoidal form with longitudinal bands, 
characteristic of Gojivolvtilus and many other genera, forming 
the Convolvulus-ty^e, and a spherical form with a spiny extine, 
characterising a smaller number of genera, including Ipomoea, 
and known as the /pomoeu-type. 

The twm carpels are median. The ovary has often a dense 
covering of hairs; it is occasionally more or less unilocular, 
a median partition being however generally present in the 
lower part (as in Calystegia); generally a complete median 
wall is present; sometimes a secondary wall appears growing 
from the primary and making the ovary more or less com- 
pletely four-chambered. In most species ot Pharbitis there are 
three chambers, but there may be three or two in the same 
species. In tie typically bilocular ovary and in the trilocular 
there are twn collateral anatropous ovules at the inner angle 
of each chamber, the micropyle pointing downwards and 
outwards; the ovules are solitary in the four-chambered 
ovaries; in the unilocular there are four or two. The shape of 
whhiii terminates the style or its branches, shew^s 
absenc^^lioB, Mnear, capitate, globose, etc., affording useful 
is perhaps^ characters. Erycibe is exceptional in its sessile, 
tropical ant^ 

to rigorous which are often large., and . generally brightly: 
dormant duri^ or violet, blue or white corollas, are visited: 
terranean shol'l^®' nectar' excreted onlth.e hypogynoiis disc. 
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Species of QtmmocUt and Ipomoea with narrow tubes are 
adapted for visits of nectar-seeking birds. Many of the 
large-flowered species (such as Ipomoea Batatas) have extra- 
floral nectaries^ on the leaf-stalk near the blade. Self-pollina- 
tion also occurs ; in Convolvulus arvensis flowers are produced 
late in the season which are short-styled and adapted for 
self-pollination. Cleistogamic flowers have been observed 
in Dichondra repens. In most species of the family the 
flow’-ers remain open for one day only or for a few hours*, after 
which the edges of the corolla roli up inwards, closing the 
tube whh the ovary. 

■ The fruit is generally a four- or six-valved capsule, boi. 
sometimes dehisces irregularly from bavse or apex. It is 
rarely indehiscent with a membranous {Porana) or strongly 
lignified {Maripa, Erycibe) pericarp, and the seeds generally 
reduced to one. In the typical dehiscent fruit all the ovules 
become seeds, each being shaped like the quadrant of a 
sphere, but one or more may abort, the remainder becoming 
ellipsoidal or spherical. The testa is generally smooth hut 
sometimes warty or hairy (as in Ipomoea pes-caprae (fig. 225) 
and others) ; its character is of importance for distmotion of 
species. Thus the section Eriospermum of Ipomoea takes its 
name from the long-haired seeds. 

The embryo of Giiscuta differs from that typical of the 
family in being filiform and spirally twisted with generahy 
no trace of cotyledons; according to some observers there is 
a layer of nutrient tissue outside the true endosperm, derived 
from the nucelliis (perisperm). 

The family occurs in all parts of the wnrid except the coldest, 
and is especially ninnerous in tropical Asia and tropical America. 
Ipomoea, the largest genus, has about 400 species in the warmer 
parts of the earth ; t'vvo only are found in Southern Europe. Cm- 
volvuhis has 200 species in temperate, more rarely in tiopical 
; climates, and finds its principal development in the Met^kbrraneaii 
region and Western Asia ; it is represented in Britain “^y the small 
Bindweed {C. arvensis). The large Bindweed, Calysfegia 
and C. Soldanella, a sandy seashore plant with procumbent stem, 
are distinguished from Convokmlus by the largf^fbracteoles en- 
veloping the calyx. A 

The Dodders, of' which there are jOO species in the 
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warmer and' temperate regions, have been separated as a distinct 
family on account of their parasitic habit, imbricate corolla, more 
copious endospemi and filiform spiral embiyo ; their floral structure 
is however that of Convolvulaceae (fig. 226) and it is preferable to 
regard the genus as a reduced parasitic form of that f amity, a 
simplification of the embiyo being commonly associated with a 
parasitic habit. Another point of interest in Ctismta is the presence 
of a whorl of scales on the inside of the corolla-tube below the 
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stamens, ^structures which are more general in H^Tlrophyilaceae 
and recall \ he well-known corona of the Boragiimceae. 

ConvolvuVceae have much in common with Polemoniaceae— 
contorted aestivation, frequently the structure of the inflorescence, 
and occasionilvb'' trimerous .pistil— but are distinguished by; 
habit, the deM"p number of ■ ovules with basal placentation, 
the characteristic .<^orolia, and also by the presence of latex. 

V 
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They are also allied to Solanaceae and Eoraginaeeae ; from the 
former they, are distinguished by .the definite number of ovules 
and the inferior iiiicropyle. towards which the radicle is directed; 
the position of niicropjde and radicle distinguish them also from 
Boraginaceae ; the latter family, and also Hydrophyllaceae, are 
further distinguished by their unilateral scorpioid iiiiloresceiice. 

Ipomoea Batatas is one of the most widely distributed food- 
plants in tropical and subtropical regions, the tiiheroiis lateral 
roots, rich in starch and sugar, forming the Sweet Potato. The 
rootstock of Galystegia sepium is also cooked and eaten in New 
Zealand. Several species are used in medicine on account of the 
strong purging properties of the latex; Scammoiiy is the dried 
latex from the rootstock of the oriental Convolvulus Scmnmonia, 
and Jalap is obtained from the tubercles of Exogonmm Purga, 
and derives its name from Jalapa in West Mexico, the home of 
the species. Ipomoea pes-cajvrae is planted on the Indian coa,st to 
bind the sand, and species of Ipomoea, Galystejgki and Gonvolvut;us 
are widely grown as ornamental plants. Gonvolvnlus arvensis, a 
native of Europe and Western Asia and introduced elsewhere, 
is a pest in fields and gardens from its deep-growing branched 
rhizome. Many of the Dodders are the cause of much damage, 
from their parasitic habltTsuch are Cuscuta TrifolU on Clover, 
and G. epilinum on Flax. 


Order 4. TUBIFLORAE 

Flowers typically bisexual, regular or more often zygo- 
morphic, hypogynoiis, rarely epigynous, tetracyclic. Corolla 
rarely iiiduplicate-valvate in bud. Stamens epipetalous, 
s generally four, or two by reduction. Ovary usually bicar- 

pellary and two- to one-celled, rarely three- to five-carpellary 
with as njany cells; ovules many to' few in each cell, wdtli 
V typicalty marginal placentation. 

I Generally herbs, but woody plants occur; with alternate 

I or opposite, generally simple leaves. 

The Tubiflorae form a natural group illustr/ug poly- 
, development, from a regular tetracyclic isostemoncw^ere pro- 
of a highly specialised zygomorphic type with reiitameroiis 
’ the androecium to four or' twm members. , marginal 

j Severallines of clevelopment may be traced froy. AVettstein 

I ' isostemoiioiis-flowwed families. In'Polemonianpetaly o.cca- 

|. ■ , dency .to.zygomorphy is slight, the ovaiy is-^' aficl Saxifrag- 
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carpellary, but occasionally two or five carpels occur, with 
ovules numerous to solitary in- each chamber; the position 
' of the iiiicropyle resembles- that in Coiivolviilaeeae. It is 
' mainly an American family, - especially Western American. 
Hydrophyllaceae recall Polemoniaceae in the plan of the 
regular flow^er, but the ovary is bicarpellary and bilocular, or 
unilocular from the failure of the large marginal placentas to 
unite ill the centre; the number of ovules varies from numerous 
to two. On the other hand they approach Boraginaceae in the 
teiideiic}^ to arrange the flowers in a scorpioid cyme, the 
frequent presence of a ring of scales on the corolla- tube and 
the position of the ovule with an upwardly-directed micro- 
pyle. It is a small family, widely distributed, but CvSpecially 
North American. In Boraginaceae there is a tendency to 
zygomorphic development of the corolla, biit the chief point 
of interest is the great and constant reduction and specialisa- 
tion in the pistil; the originally bilocular ovary is divided 
by a later-formed partition into four oiie-ovuled portions, 
and in the minority of genera forms a four- to one-seeded 
drupe, but in the majority divides into four distinct oiie- 
seeded nutlets. 

The two closely allied families Veihenaceae and Labiatae 
illustrate the perfection of the zygomorphic type. The flower 
is, with few exceptions, zygomorphic. In Verbenaceae zygo- 
morphy does not extend to the calyx but the tubular corolla 
is generally more or less two-lipped; in Labiatae the calyx, 
though sometimes regular, is often markedly two-lipped, and 
the corolla is rarely regular but generally conspicuously two- 
lipped. The four stamens are generally didynamous and re- 
duction to tAvo occurs. In Verbenaceae the two carpels (very 
•' 4 :arely four or even five) unite to form an originally bilocular 
prely 4- or 5-loeular) ovary; each chamber has tAVO 
4 after lid later is divided by a septum into oiie-ovuled 
stamens, the fruit is a chambered drupe or splits along 
and recall to form tAvo-chambered or one-chambered meri- 
Coiivoiviu^ style is- terminal or sometimes situated ■ in an 
contorted aes'^gioii of the. ovary. In Labiatae the: reduction 
of the ovary has become complete. The 
the'diaracteiit#" ^ 'gynobasic style) becomes divided 
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into fonr oiie-oviiled chamberSj .iorming in- the fruit , four ^ 
one-seeded nutlets. ■ ■ 

Another line of development within the series may be 
traced from Solanaceae with generally regular isostenionoiis 
flowers and a Mcarpeliary, general^ bilocular, ovary with 
numerous ovules. The tribe Salpiglossideae with four or two 
fertile stamens and an often more or less zygomorphic 
flower forms a link with Scrophulariaceae where zygomorpli}?' 
of corolla and androecinm is generally strongly marked , 
Along this line of development there is comparatively little 
tendency tow’^ards that specialisation of the ovary and fruit 
associated with reduction in number of seeds which we have 
noted as culminating in Labiatae. Several families are closely 
allied to Scrophulariaceae. Gesnerxaceae, a mainly tropical- 
family, has a unilocular ovaiwwuth indefinite ovules, and shews 
a marked tendency to e|)ig;py; the closely allied Orobanchaceae, 
also with a unilocularlhany-ovnled ovary, represents the 
development of the parasitic tendency evidenced in several 
genera of Scrophulariaceae; while the Lentibiilariaceae, with 
generally a markedly two-lipped corolla and reduction to two 
stamens, and also a free-central placentatioii in the ovary, 
are a more or less aquatic family specialised in the direction 
of the insectivorous habit. Pedaliaceae shew specialisation 
of the fruit. Bignoniaceae are evidently allied; the plan of 
the flower is that of Scrophulariaceae, but the woody habit, 
often climbing, and the two-valved capsular fruit with 
flattened winged seeds suggest an affinity with Apocynaceae. 

Acaiithaceae, while shewing a similar floral plan, have a 
highly specialised flower and fruit, as indicated by the great 
variety in the development of the stamens, and the remark- 
able mechanism for the dispersion of the seeds in the more 
.typical genera. 

It is difficult to suggest a point of origin among poly- 
petalous dicotyledo.ns for the Tubiflorae. They . w^ere .pre- 
sumably derived from a group .characterised by pentameroiis 
. flow-ers with oligomerous gynoecium, numerous marginal 
ovules and a disc-development beneath .the ovary. Wettsteiii 
suggests, a type .akin to Rosales, in which syinpetaly ocea- 
. .sioiiallY occurs, for .instance in Crassulaceae . apd Saxifrag- 
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, aceae (Roussea lias a campaiiiilate corolla), the latter family 
is typically bicarpellary, and the bilocular ovary with 
iiuiiieroiis aiiatropoiis ovules on the large placentas resembles 
that of Solanaceae or Scrophulariaceae (the oblique position 
of the ovary characteristic of ■ Solanaceae occurs also in 
Saxifraga) ; there is also a marked tendency to epigyny. 

Suborder 1. Polimonineae. Flowers generally regular- 
Ovary generally trilocular with oo to 1 ascending anatropous 
ovules with inferior niicropjde. Fruit genei^ally a loculicidal 
capsule, 

Famdyl. POLEMONIACEAE 

Flowers bisexual, regular or slightly z^^goniorphic, con-' 
forming to the formula S5, Po, A5, G(3), Calyx generally 
bell-shaped or tubular; segments imbricate or valvate, 
v^Corolla hypogyiioiis, with generally a well-developed tube 
and more or less spi'eadmg limb, aestivation contorted, 
Stamens inserted at various, often unequal heights on the 
corolla-tube; anthers tW'O-celled with longitudinal dehiscence ; 
an intrastaminal disc is generally present. Ovary superior^ 
3-locular (rarely of two or five carpels); style terminal, 
filiform, dividing at the top into three arms which are stig- 
matic on the upper face; ovules l-oo , sessile in the inner 
angle of each chamber, anatropous. Fruit usually a loculicidal 
capsule; seeds l-oo in each chamber; embryo straight in the 
axis of a generally copious fleshy or cartilaginous endosperm. 

Annual, biennial or perennial herbs, rarely shrubby; 
leaves usually alternate or the lower or all opposite, entire 
or divided, exstipulate. Flow^ers generally showy and in 
a complicated cymose mflorescence, rarely solitary and 
axillary. 

Genera 12; species about 280. Distribution America, 
chiefly western North American ; very few" in the Old World. 

Co6uea, a tropical American genus, has pimiately com- 
pound leaves ending in much branched tendrils by means of 
which the plant climbs. The other genera comprise mostly 
erect or more or:--fess spreading' perennial herbs, as. in PhloXy 
or Poimonmm, the former with simple entire mostly opposite 
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leaves; tlie latter with alternate -pinnately cliviclecl leaves. 
The large bell-shaped flowers, ot Coham stand singly, in the 
leaf-axils, but iisnally a number of flowers are ■ arranged in 
an inflorescence formed on a dichasial plan, each shoot 
ending in a flower, and the branching at first dichasial be- 
coming dorsiveiitral from the stronger development in the 
lower bracteole of each pair. The flowers are often iiiimeroiis, 
forming, for instance in Phlox, large dnvoliicrate heads; 
bracteoles may be present or absent,' 

There is great variety in the form of the corolla, ' whicli is 
bell-shaped in Cobaea, from funnel-shaped to almost rotate 
ill Poleftmnium, salver-shaped in Phlox, while in some species 
of Gilia the tube is almost filiform. The often iiiieqiially 
spreading lobes iii Loeselia (Western America) give the corolla 
a zygomorphic appearance, while in the small Mexican genus 
Bonplandia the lobes are unequal and the corolla is bilabiate. 

The white or brightly coloured (often blue) flowers' are 
strongly proterandrous and adapted for pollination ' by bees 
or Lepidoptera. 

Gobaea has a septicidal capsule -.in the other geiicma it is 
lociilicidal. In CoUomia and species, of Gilia the outer layer ^ 
of the seed-coat is mucilaginous, swelling when wetted and 
fixing the seed to the soil. 

The great 'majority of the species are North American, 
especially western. Gobaea (nine species) ranges from Central 
America to ' Venezuela and North ■ Chile; Cantua ^ {six 
species) occurs on the Andes southwards' to Chile; and a 
few species of other genera {Gilia, Polemonimn, Collofma) 
occur in Andine South America. The family is represented 
ill the eastern hemisphere by/ three species, Phlox sihifica, 
and Polemonimn coemleum and. lanatum, Polenionmm con- 
tains about 30 species; P, coemleum (Jacob’s Ladder), native 
ill Central and North England, is' a widespread north, tem- 
perate plant in both hemispheres; P. JmmMe is a widely 
distributed Arctic species. Other species occur in the Rocky 
Mountains and the mountains of California; P. antarcticum 
at the. Strait of Magellan. ' Phlox has' about 50., .species in 
North. America and one in North Asia. Gilia b4s about 14)0 
species in extratropical and subtropical Nofth . and South 
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America ; many grow at considerable altitudes on the western 
mountain ranges. Species of Phlox, Gilia,PoleMonium, Cobaea 
scandens and others are favourite garden plants. 

Polemoniaceae shew some resemblance to Oonvolvulaceae, 
nith which they agree in general plan of floral structure. 
They differ in the gamosepalous calyx, the simpler aestivation 
of the corolla, the typically trimerous pistil, and the varying 
number of seeds; also in the absence of latex. 



Fig. 227. A-E. Polemoniaceae. A. Floral diagram of Polcmonhim coendmm; 
dy disc. B. Median longitudinal seetion shewing o\’ai.y, disc (d) and base of 
sepals (, 5 ). C. Upper portion of corolla of GiUa androsarea shewing contorted 
aestivation. D. Flower of G, Brandegei cnt vertically, with subtending 
brat^t J>. E. ( 'ross-section of fruit oi G. capitata shewing loculicidai dehiscence. 

F, G. Hydropliyllaeeae. F. Cyme of PhaceM a infegri folia. G. Ovary of 
P. Khdlaria cut across. B-E and G enlarged. (A after Eiehler; B after 
Engier; C~E after Peter ; F, G after Brand.) 

;■ Suborder 2. BoEAGmiN'EAE, Flowers generally regular 
in unilateral cymes. Carpels two; ovules 00 to two in each 
carpel, aiiatropous with upwardly directed micropyle. Fruit 
a capsule or drupe or splitting into fotir one~seeded mericarps. 

, Family 11 . :;HYDRG 

Flowers bisexual, regular, genex'aily pentainerous with reduction 
to two in &e pistil. Sepals united at the base, aestivation 
imbricate. CortiJa rotate, bell- or funnel-shaped, aestivation 
imbricate, seidon.) contorted, Stainens epipetaloiis, generally 
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inserted on the base of the coroHaj alternating with the petals ; 
filaments equal, or unequal; anthers versatile, two-celled, de- 
hiscing introrsely by longitudinal slits-, scale-like appendages are 
often present at the base of or alternating with the stamens. 
Ovary superior, generally one- more rarely two-chambered; ovules 
00 - 2 , sessile or pendulous, anatroi3oiis or amphitropoiis vltii 
microp,yle directed upwards and outwards; styles one and generally 
more or less divided, or two; stigma terminal, generally capitate. 
Fruit usually a lociilicidai ca]3sule; seeds as ;many as the ovules 
■or fewer; embryo small in the axis of . a copious or sparse fleshy 
or cartilaginous endosperm. 

Annual, biennial or perennial herbs or uiidershriibs; leaves 
entire or pinnately, rarely palmately divided, exstipiiiate, alternate 
or opposite, often forming a basal rosette. Flowers small or show}^, 
solitary or in scorpioid cymes usually without bracteoles. 

Genera 18; species about 170 ; mainly North American. 

Mostly annual or perennial herbs of various habit, with sim ple 
or variously pyinnateiy divided leaves. There is a wide variatio]i in 
the nature of the hairy covering, which may be softly hairy, 
stiff, thorny, or glandular. The white, blue or purple flowers may 
be solitary, as generally in Nemophila, but are inostl}^ in scorpioid 
cymes withotfP bracteoles ; often hw e--or jxu ^^^^es are arranged 
in dichasial or umbel -like coinpoul^rmfl orescences. The South 
African genus Codoii (two species) is distinguished from the rest 
of the family by its pleiomerous flowers, with 6-10- or i2-merous 
whorls. In Nemophila and others stipule-like appendages occur 
between the sepals; more frequent are the fold- or scale-like 
appendages on the corolla-tube which stand in pairs between or 
in front of the stamens or attached to the base of the filament, 
and recall the corona-like structures of Boragiiiaceae. They are 
often of obvious significance in relation to insect-vdsits, forming, 
for instance in Hydrophyllum, nectar-conducting tubes. 

There is great variety in the number and position of the ovules, 
which are sometimes inserted on large parietal placentas, which 
may grow out into the ovary-space, or the dividing wail being 
complete the plaeentation becomes axile; corres|)o,nding differ- 
ences occur in the details of the capsular deliiscence. 

, The family ' is chiefly North American, extending north-'west- 
wards to x4laska and north-east Asia, and southwards through 
Mexico and Central America along the Andes to Argentina and 
the Strait of Magellan. The genus Hydroha (19 species) has the 
widest distribution, occurring in the tropics. of Asia and difrica, 
including Madagascar, as well as of the- New World. The largest 
genus, PhaceUa, has 1 14 species, chiefly in western North .America 
and Mexico, with a few in the. Andes of Chile and .Perm .. . 
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'Hydrophyllacc^ae stand between Polemoiiiaceae on the one hand 
and Boragiiiaceae on the other. 

The structure of the flower .recalls Polemoniaceae, though the 
aestivation is generally imbricate;, the frequently large nnniber of 
ovules indicates an affinity with Polenioniaceae, while in. the 
reduction to two ovules there is an ap|)roach to Boragiiiaceae, to 
which also an affinity is shewn in the occurrence of scales on the 
•corolla- tube and more especiail^^ in the aiTangenient of the lowers 
. in scorpioid cymes ... 

Species oi NemopMla, Phacelia and Wigandia are ciiitivated in 
gardens and greenhouses. Hydro 2 :)hylhim ccmadense is, used as a 
remedy for Rims toxicodmdron poisoning and various skin- 
diseases. 

Family III. BORAGINACEAE 

Flowers bisexual, regular, rarely zygomorphic, hypogyiioiis; 
floral formula S5, P5, A5, G(2). Sepals free or united belov- 
into a longer or shorter tube which is generally bell-shaped; 
aestivation imbricate or open. Corolla tubular or funnel- 
shaped, with generally a spreading limb ; lobes imbricate, 
rarely contorted, seldom unequal, the throat often closed by 
scale-outgrowths. Stamens alternate with the corolla-lobes, 
inserted at the mouth or on the tube, equal or unequal, 
anthers introrse; a ring-like nectar-secreting disc beneath 
the ovary. Ovary of tAvo median carpels, originally bilocular 
but soon separating into fmir one-ovuled portions with a 
gynobasic style ; style more rarely terminal, generally simple 
mth a simple stigma; ovule inserted at the inner angle of 
each of the four chambers; more or less erect, with upwm-rdly 
directed mieropyle. Fruit of four nutlets; more rarely a 
4- to 1-seeded drupe. Endosperm generally absent, sometimes 
.scanty. 

Hispid annual or perennial herbs, more rarely shrubs or 
trees, with generally alternate leaves, which are simple and 
exstipulate, and flowers arranged in simple or double scorpioid 
cymes wffiich are spirally coiled in the bud. 

Genera 88 ; Species about 1600. 

Generally herbs, annual, as in some species of . 
or perennial by; a - thickened .creeping rhizome, as in Pul-: 
monaria or Symphytum. Many species have a strong tap-root, 
::wliich,,, as, in Alkanna, may contain ,a' purple dye, . Aikanet. 



BOEAGINACEAE 


495 


climbers. A characteristic of the^ family i^ 

stiff hairs which often spring from a hardened tuberoS^tse 
as in Borage, EcUum and others. ctious oase. 

The leaves are generally alternate, the lower in some 
genera opposite; they are mostly entire and usually narrow 
Unceolate or linear. Stipules are absent. The radical leaves 
in many genera, for instance Puhnonaria, Gynoglossvm ind 
others, are striMngly different from the caidine Genera Ik 

broader and staged, sometimes cordate, the caidine be 
narrow and sessile. ociug 

The characteristic dorsiventral inflorescence is verv com- 
plicated. It consists of one or sometimes a pair of scorpioid 
cymes, resulting from development in the higher only of the 
two bracteoles; m Myosotie both the bracteoles are suppressed^ 
in other cases only the lower infertile one of each pair; the 
developed bracteoles are arranged on the lower side of the 
cyme while the flowers are crowded towards the upper The 
flower-stalks may be adnate to the sympodiiim for a greater 
or less distance above the bracteole m the axil of which they 
arise and may thus appear extra-axillary. The cyme is at 
first closely coiled, beboming uncoiled as the flowers open. 
At the sanie time a change in colour may occur, the flowers 
being red in the bud and becoming blue as they expand as 
in Myosoiis, Echium, Symphytum and others. 

A departure from the usual radial symmetry of the flower 
occurs in Echium and a few alhed genera, where the corolla 
IS obhque and the stamens are unequal in size. Lycopsis 
a so is zygomorphic from the bending of the corolla-tube and 
inequality of the lobes. The plane of symmetry in the zygo- 
morphic flowers is an oblique one. 

The aestivation of the sepals is open or imbricate or mfits. 
rarely .valvate; they shew very various degrees of unionff in- 
may be fiee almost to the base, as in Lithospermwn, or u've to 
to form a lonpr or shorter tube, five-toothed or cleft by the 
as in Myosotis. The form of the corolla also varies^ wet or 
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Thus in the genera found in Britain the corolla is rotate in 
Borage, tubular in Comfrey {Symphyttm), salver-shaped in 
Anclmsa, funnel-shaped in Cynoglossiim, and in each case 
the throat is closed by scale-Hke outgrowths from the middle 
Hne of each petal. In Lithospernmm the throat of the funnel- 
or salver-shaped corolla may be naked or closed mth five 
tumid folds, while in Pulmonaria the funnel-shaped corolla 
bears five pencils of hairs alternating with the stamens. 


o 



Fig. 228. A. Anchiisa officinalis^ floral diagram (after .Eichler). B-B. Alhanna 
Unctoria. B. Corolla cut open, two stamens are at a lower level than the 
remaining three; scales at throat of corolla; x 3. C. Pistil, x6. B, Fruit j 
with three nutlets, x 3; i, fourth carpel which has not formed fruit; d# disc, 
E. Fruit of Myosotis enclosed in the calyx, in longitudinal section, enlarged. 
(B-B after Berg and Schmidt.) 



The anthers are generally attached to the filament on the 
: back near their base, are more or less linear in shape and 
dehisce introrsely by longitudinal slits. The ovary is seated 
on a ring-like nectar-secreting disc. The two median carpels 
‘"'d^econie early divided by a median constriction or division 
o four distinct ' one-ovuled portions, the style springing 
the centre of ' the group. . In Gordioideae (fig. 229) and 
or ovary retains its original form and bears the 

mona/T'ia its apex. One ovule is attached at the inner 'angle 
which, as ovary-segment;; ik is anatropous ■ with an upwardly 
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directed micropyle, and generally erect but sometimes more 
or less oblique or almost horizontal; in Heliotropioideae it' is 
descending with. a,, do'wn'wardly ■ directed ■ iiiicropylo. The 
simple style generally ends in a simple stigma,' as in Bormjo^ 
Symphytum, Myosotis (fig, 228, E), more rarely the stigma, is. 
bilobed, as in AncJvusa (fig. 228, C) and Puhnonaria, while in 
Echium and others the style is bipartite. In CbrcKa ea(?l:i. 
stigma is again divided (fig. 229, B), 



Fig, 229. Cordia gerascanthoides. A, Flowering shoot scoiK^what 

B. Flower, the calyx and corolla partly cut away 6X|)r>King tin* {)isOj, x2. 

C. Ovary and disc, fl, cut longitudinally, X 12. D. I)rii])e, x 2. K. Fodocar}) 
cut across shewing two seeds, x 3. F. Drupe of O. Jp/.w in {piciitinlinisl 

. ' section. 

The flow^ers shew well-marked adaptations to insect-visits. 
Their aggregation on the upper 'face of' the dorsi ventral in- 
florescence, the colour and the presence of nectar serve to 
attract. .The corona, wdiich is. 'frequently formed by the 
corolla-scales, protects '.the- pollen ■, and nectar .from .wet or 
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undesirable visitors. It may' also indicate the position of the 
nectar to the insect-visitor, as in the yellow eye of the bine 
Forget-me-not, one of the 'first points noted by Sprengel, 
which led him to his investigations into the relations between 
flowers and insects. 

Ill Pulmonaria the nectar is protected from the great majority ■ 
of insects except humble-bees hy the length of the corolla-tube; 
lieterostyly occurs here and in other genera. In Andmsa the 
narrow entrance to the tube reserves the nectar for bees; the 
drooping flowers of Borago allow the visits only of insects which 
(like bees) can hang below the flower, while Pympliytum lias in 
addition a tube of sufficient length to exclude all exce|)t insects 
with a long proboscis. The remarkable change of colour during the 
life of the flower has been described as a recapitulation of the 
stages of evolution — thus the rosy and blue in some species 
of Myosotis, jT-ellow, bluish and violet in if. versicolor, and red, 
violet and blue in Pidmonaria, Echimn and others. Here 
j’^ellow seems to be a primitive colour and, at least in many 
cases, ffiolet and blue seem to have been preceded by red — an 
assumption which is strengthened b}^ the fact that many blue 
and violet species (as of MyosoUs, Anchusa, 8ym>phyt%m) give 
rose-red varieties apparently liy reversion to more primitive 
characters. 

In Cordioideae, Ehretioideae and Heliotropioideae the 
fruit is drupaceous, containing typically four seeds, though 
all may not be developed. In the greater number of genera, 
comprising the Boraginoideae, the fruit consists of separate 
nutlets, generally foim in number, one or more of which 
may become aborted. The foiun of the nut and the nature of 
the pericarp are extremely varied; thus in Lithospermum 
they are stony, in Mertensia rather fleshy, in Myosotis 
usually highly polished, in Gynoglossum covered with hooked 
or barbed bristles. Species of Symphytum, Borago, Ancliusa, 
Pnimonaria and 3£yosotis have been described as myrme- 
cocliorons. A small portion of the receptacle remains attached 
to the base of the fruit on dispersal and forms an elaiosome, 
by which ants are attracted. The elaiosome is often white, 
thus contrasting with the dark fruit. The seed has a mem- ■ 
branous ; coat and contains'' a sparsely developed endosperm ; 
or, more: often, endosperm ■■ is absent. In Heliotropioideae 
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endospbrni is often copious. The embryo is straight or curved, 
with flat or fleshy cotyledons and' a short upwardly directed 
radicle. 

The family is widety spread throughout the temperate and 
tropical parts of the wnrld. Its principal centre is in the 
Mediterranean region, whence it extends OYcr Central Europe 
and Asia, becoming less frequent as approach the cold 
temperate zone. There is a smaller centre on the Pacific side 
of North America. It is less frequent in the south temperate 
zone; one genus only, Halgania, occurs in Australia where 
it is endemic. The Boraginoideae are relatively scarce in. the 
tropics, to which however the Cordioideae and Eliretioideae, 
and, generally speaking, the woody members of the faniily, 
are almost restricted. 

The following division into subfamilies depends on tlie ( 3 liaracters 
of fruit and style. 

(a) Style terminal; fruit a drupe. 

Subfamily I. Cordioideae. Style twice bilobed, drupe with a 
typically four-chambered stone. Cordia, a large genus with 250 
species especially in tropical America (fig. 229), and two small 
genera. 

Subfamily II. Ehretioideae. Style simple, bilobed, or two 
distinct styles. Drupe with two two-seeded, or four one-seeded 
stones. 10 genera. Warmer parts of both hemispheres. 
Subfamily III. Heliotropioideae. Style simple or bilobed, the 
stigmatic surface in the form of a swmllen hairy ring below the 
apex of the style. Ovules anatropous and descending. Seed 
with endosperm . Three genera : Tournefortia ; H eliotropmm with 
220 species in the tem|)erate and warmer parts of both Old and 
New Worlds. 

{b) Style gynobasic; fruit of separate (generally four) nutlets. 
Subfamily IV. BoRAomoiDEAE. 73 genera which are dis- 
tributed among seven tribes according to the number of acheiies, 
regularity or dorsiventrality (i^c^^eae) of the flow^er, and the 
mode of insertion of the nutlets. Our eight British genera are 
included in this subfamily. Of world-wide distribution, but the 
principal centre lies in the Mediterranean region, the numbers 
diminishing through Central Europe and Asia. A second but 
less important centre occurs in Pacific North America. 

Van Tieghem draws attention to the marked differences between 
Heliotropioideae and the three remaining subfamilies, in the 


■ ..V..' ! 

500 : ■ , FLOWEEING , PLA:HTS . / ' | ' 

'position of the stigma below the apex of the style, the ans^tropoiis 
d'esceiiding OYiiles, as contrasted with the general!}" inor|^ or less 
erect' ascending character, and the presence of eiidospei*|n fre- 
quently in considerable quantity. He considers them as f criming 
a distinct family, but also regards the remaining three subfamilies 
as, distinct families. 

Suborder 3. Verbenikeae. Mowers generally inediaiily 
zygomorpliic. Carpels, generally two, each with two. aiia- 
tropous ovules with a dowiiwmrdl}^ directed micropyle,; Fruit 
drupaceous or dividing into four one-seeded mericarps. 
Leaves generally opposite or whorled. 


Family IV. VERBENACEAE 

Flowers zygomorphic, rarely regular, bisexual or poly- 
gamous by abortion; typical formula S5, P5, A4, G(2). 
Calyx inferior, persistent, gamosepalous, bell-shaped or 
tubular, bearing five, four or more rarely six to eight teeth, 
lobes or segments. Corolla tubular, often curved, with a 
spreading limb, more rarely bell-shaped, limb 5- to 4-fid, 
more rarely multifid, lobes equal or more or less two-lipped, 
aestivation imbricate. Fertile stamens four didynamous, or 
two, rarely isomerous. with the corolla-lobes and equal, 
inserted on the corolla-tube and alternate with its lobes, the 
fifth (posterior) stamen, or, in diaiidrous flow’^ers, three 
stamens, reduced to staminodes or absent; filaments free, 
anthers dorsifixed, two-celled, dehiscence longitudinal and 
introrse ; liypogynous disc often inconspicuous) Carpels two ; 
ovary entire or four-furrowed or rarely shortly four-lobed, 
two- to four-celled; very rarely four to "five carp<3ls with an 
eight- or ten-celled ovary; style terminal, simple, entire or 
diyhling above into as many stigma-bearing lobes as there 
are carpels; position of ovules various, but the micropyle 
always inferior. Fruit usually drupaceous ; divisions geiieraliy 
twn or four, one-seeded; more rarely dividing into two-celled 
or oiie-celled mericarps ; ■; testa ■ thin,; endosperm ' fleshy when 
present, usually .absent ;;embr 3 ?^G .about' as'..long as . the-seed, 
straight; ludicle short, inferior. 

Herbs, shrubs or trees, with'-generally opposite or ' whorlecl. 



VEEBENAOEAE 


501 


leaves, wMcli are' simple or more rarely palniately or ■ pin- 
iiately conipomid; stipules' absent. ■ Inflorescence racemose 
or cymose. 

'Genera 80 ; species about 800. Abnost exclusively tropical 
or siibtropieaL 

The plants shew a great variety in habit. They are mostly 
shrubs or undershnibs; but many are trees, as ^dpna gruildis 
(Teak) and others. The genus Verbena, to which belongs the 
only British representative of the family, F. offidnaUs 
(Vervain), contains, besides herbs or shrubs with "well- 
developed leaves, also species with much reduced leaves, the 
function of assimilation being more or less relegated to the 
stem. Many are shrubby climbers (Uanes), sprawling, twining 
or climbing by means of thorns or spines, as for instance 
s'pecies oi Lantana, Glerodendron, F?*^ea;and others. Atncenwia 
is a mangrove shrub inhabiting tropical shores in both henii- 
spheres ; the stem increases in thickness by repeated pro- 
duction of new cambiums, outside and concentric with the. 
original one. 

A few species have alternate leaves. The leaves shew’’ great 
variety in form, but are generally, simple,, more rarely 
compound as in Vitex, where they are 3- to 7rfoliolatc. 
There is also a wide diversity in the inflorescence. The 
indefinite include racemes, spikes, or heads, or the flowg^^ 
are axillary; the bracts are often well-developed, sometimes 
coloimed, forming, as in species of Lantana, a conspicuous 
involucre. Both bracteoles are present, or one or both are 
suppressed. Cymose inflorescences arise by dichasial branching 
in the axils of the bracteoles, often passing into monochasial 
cymes as in Vitex and Glerodmdron, The feymes are axillary, or 
variously aggregated in paniculate, often showy inflorescences. 

The flowers are generally pentamerous. Reduction in the 
' calyx is rare, as in Physopsis, which has a regular tetra- 
merous flower. A reduction in the number of the teeth or lobes 
occasionally occurs by union or abortion in the formation of 
a two-lipped calyx, as in species of Vitex; but. the tendency to 
zygomorphy is much less than in the corolla, where union of 
the two upper lobes is frequent in the formation of an upper lip, 
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m. Lantana, Lippia and others. In the fruiting stage the 
calyx is often much altered and enlarged, sometimes bladder- 
like and more or less enclosing the fruit and sometimes 
brightly coloured. The aestivation of the sepals is generally 
open; that of the petals imbricate Avith a varjung arrange- 



Fig. 230. Verhma urtici folia. A, B. Flowering stem and leaf, slightly reduced. 
C. Flower, X 8. D. .Flower with corolla cut open and rolled back, x 13. 
E. Fruit, X 7. F. Fruit in transverse section shewing four one-seeded 
, drupes, X 7. 

ment. A pentameroiis androeciixm is very rare, occurring in 
Teetona :m.d. in :the Malayan Geunsia, where the flower is 
pentameroiis 'tliroiighoiit.' The fifth stamen is soinetiiiies re- 
presented hy a ..staminode, but is generally ..absent; diaiidry 
may arise by reduction to staminodes of the two posterior or 
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more rarely the two anterior stamens .where four stamens 
are present and fertile they are ■ rarely equals one pair (usually 
the anterior) being longer or haying a higher insertion on the 
corolla-tube (figs. 230, D, 231, C). 

There are ■ usually two carpels which are median, iiiore 
rarely there are four (as in Durmita, fig. 231) or five {Geunsm ) ; 



has been again divided forming in ail eight one-seeded chambers, x 3. 

ill Lantana, Lvpjpia and allied genera the posterior earpel 
becomes aborted. Placentation in the young ovary is parietal, 
the placentas subsequently uniting more or less completely 
in the centre of the ovary, each becoming rolled back right 
and left and bearing a' single ovule, sometimes at theb*^ - 
higher, or sometimes at the apex of the ovary-chamb?; "^5, 
always With a downward-pointing micropyle. A secon^ar, 
W false’*) septum frequently grows from the middle purolla 
carpel inwards, Wparating the placenta-lobes and -dricate. 
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the ovary into one-oviiled ■ .chamberB (ligs. 230^ 231). The 
ovary is; sometimes; rounded^ but generally more or less lobecl 
according to the immber of the chambers; thus two-lobed in 
LanMmi JoiirAohed in Clerodendm^^^ and Verbena (fig. 230, E), 

i'rom the resemblance of the floral structure to that of 
■Labiatae and the occurrence of proterandry it is probable,, 
that polliiiatioii is effected as in the Labiatae by the agency 
of bees and flies. The flowers of Aegiphila are dicliiious by 
reduction or abortion. 

The fruit is generally drupaceous. The exocarp is fleshy or 
dry; the endocarp is almost always hard. The arraiigeinent 
of the stones affords useful characters for the grouping of 
the genera; the endocarp forms a four-chambered stone in 
Tectona, VUez and allied genera ; twm two-chambered stones 
ill Prim- and others; four two-chambered stones in D-uranta 
(fig. 231); two undivided stones hi Laniama and others; and 
four distinct stones in Clerodendmn and others. In Verbena* 
the exocarp is dry and thin, and the fruit consists of four 
nutlets (fig. 230). Two- or four-valved capsular fruits also 
occur,, as in Avicemim, The ,seeds are very uniform'; they are 
ovate in shape, sessile and have a basal, lateral or apical 
attachment according to the attachment of the ovule. There 
is normally one for each cell or stone in the fruit, occasionally, 
by abortion, only one for the whole fruit as in Avicennia, 
The seed-coat is thin and niembraiioiis. Two of the 
smaller groups of genera are characterised by presence of 
endosperm, which is absent in the majority of genera. The 
embryo is straight with a small radicle directed towards the 
micropyle and the base of the seed, and a pair of larger 
parallel cotyledons. 


Avicemiia has a remarkable embryology, details of wliich have 
been worked out by Treub^. Early in its history the embiyo is 
carried in the endosperm ,Giit through the iiiicropyle ,into the 
nuceilus, where one cell (cotyloid cell) of the endosperm gi*ows 
normously and forms a multinuciear branched hypha-Iike\sucker' 
jT^^'^ding ill all directions through the nucellus and finally reaching 
By its means the embryo is nourished. . The fruit- 

‘^^ber ultimately becomes filled by the highly-developed embrj^o, 
nx esexi ■ ■ ■ 

+es sur Fombryon, le sac embryonnaire et rovnle.” Annales: Jardin 

may .xggg. 
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■which, has large green folded cotyledons, and a hairy radicle, the 
latter striking root in the iimd on 'the fail of the fruit. 

Several Malayan species of Clerodendro7i sute inyriiiecopliiloiis, 
as G , fistulosiim, ^vhem ants inhahit the hollow stem-interiiodes 
and are attracted by a serie>s of nectaries on the midrib on the 
lower face of the leaf. 

The family is almost exclusively tropical or siibtropicaL , 
-Verbena^ a very polymorphic genus, has 80 species mainly in 
tropical and extratropicah America, a very few occurring in 
the Old World; F. officmalis (British) grows in Central and 
Southern Europe, and extends from the Mediterranean region 
to the Himalayas. Several species are familiar gaitlen plants, 
Vitex has 100 species in the warmer parts of both heiiiisplieres, 
a few extending into temperate Europe and Asia; Fte 
Agnits-Castus of the Mediterranean region was esteemed by 
the ancients as an anaphrodisiac. has 50 species, 

mainly in the warmer parts of America, with a few in Asia 
and Africa; the flow’-ers shew a great variety of colour, 
several species are known as garden plants, Tectona gmndis 
(Teak) is a large East Indian tree noted for its bard wuod. 
Clerodendron is a large tropical and subtropical genus (90 
species), including the well-known greenhouse-plant with red 
calyx and wdiite corolla. 

Verbenaceae are most neaidy allied to Labiatae from which 
they are distinguished b}^ the terminal, not gynobasic style and 
the undivided ovary, also by the habit. 

Those Boraginaceae with a terminal style and regular flowers 
have a strong resemblance to Verbenaceae, but are distinguished 
by the ascending ovule with superior micropyle and radicle. 

The family is divided into seven tribes depending on the racemose 
or cymose nature of the inflorescence, the presence or absence of 
endosperm, the structure of the fruit and the position of the 
ovule. , 

Fap^yV. LABIATAE ■ 

Mowers bisexual, zygomorpMc; typical formula S5, P5, 
A4, G(2). Calyx inferior, persistent, bell-shaped or tubular, 
with free teeth or lobes, sometimes two-lipped. Corolla 
tubular, limb variously bilabiate, aestivAion imbricate. 
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Stamens, epipetalous,-'- alternating with .the : corolla-lobes^' 
typically .four, xlidyiiaiiious, sometiines . recliicecl to . two ; 
.anthers typically two-celled, cells deMscing iiitrorsely by ,a 
longitudinal slit; liypogynous disc usually fleshy. Carpels , 
.median ; ovary soon four-partite by ' a secondary division 
with a single anatropous erect basal ovule attached to an 
a-xile placenta in each segment; iiiicropyle directed • dovm- 
wards; ^de generally gyiiobasic. simple with bifid apex. 
Fruit of four one^eeBedmutiets included within the persistent 
calyx; seed with thin testa; endosperm absent or scanty; 
embryo with generally flat cotyledons parallel to the fruit- 
axis and a short inferior radicle. 

Herbs, or shrubs, very rarely small trees or climbers, with 
generally a four-angled stem and opposite simple exstipiilate 
leaves ; often with a covering of glandular hairs. Inflorescence 
generally cymose, the pair of cymes in opposite leaf-axils 
forming a pseudo-whorl ; bracteoles usually present. 

Genera 170; species about 3000; w’arm and temperate 
regions. 

The great majority are annual or perennial herbs inhabiting 
the temperate zone, moi’e rarely becoming shrubby, especial^ 
in warmer climates; trees are extremely rare, as in a few 
species of Hyptis (Brazil), one of which is said to reach 40 ft. 
in height. A few American species of Smitellaria are climbers, 
but a climbing habit is very rare. Propagation of the in- 
dividual may be effected by new shoots which either remain 
attached to the parent-plant, as in ^ ^Salvia, ^ Ballota and" 
others, or the latter dies off, as in Mentha, Lycopns ot 
S tachys palnMris. The new shoots form aerial runners with 
somewhat reduced leaves, as in Ajuga reptans, or subterra- 
nean stolons with shortened internodes and colourless scale- 
leaves, as in Stachys palustris or Lycopus, In many species, 
as Mentha aquatica, both forms occur. The young shoot-axes 
are four-sided. The simple leaves shew all possible variations 
from an entire blade to toothed, lobed, cut, or finely multi- 
' sected, as in many ■ Salvias. A wdiorled leaf-arrangement 
(three to eight):is characteristic of some genera. Stem, leaves 
and inflorescence are frequently more or' less hairy, often with 
glandular hairs, -jhe secretion "of .wiiich has a scent character- 
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istic of tlie genus or species; sessile' glands on the epidermis 
are also frequent. 

The flowers are rarely solitary in the axils of the leaves or 
bracts 5 as in Soutellaria; generally they form' an apparent 
whorl (verticillaster) at the node, ■ consisting of a pair of 
cyniose iiiflorescenees, each forming a simple tliree-flo wared 
dichasinm, as in species of Salvia ffig. 234), Pnindla and 
others, or more generally branching and passing over into a 
pair of monochasial Cannes, as in Lamimn^ Ballota, Nepeta and 
others ; the axes are either all reduced, forming a dense sessile' 
inflorescence, or the main axis or lateral axes or both are 
more or less developed. A number of whorls may be crowded 
at the apex of the stem, and the subtending leaves being 
reduced to a bract-form, a raceme- or spike-like inflorescence 
results, as in Prunella, or Teucrium (fig. 233), more rarely a 
head, as in Hyptis (fig. 232); the bracts are simple, or highly 
differentiated, as in Monarda and others. Dorsiventral in- 
florescences arise by crowding of the flowers towards one 
side of the main axis, as in species of Scutellaria, Teucrium. 
and others. 

There is usually a pair of bracteoles above the bract, only 
one of which is developed in the monochasial cymes, and 
both are often suppressed, as in Teucrium, Prunella and 
others. The plan of construction of the flowers is remarkably 
uniform, but there are wide variations in detail The calyx- 
tuhe may, for instance, be tubular, bell-shaped or spherical, 
straight or bent, and the form of the teeth or lobes is equally 
varied; the number of nerves affords useful systematic 
characters ; there are normally five main nerves bet%veen 
which simple or forking or doubled secondary nerves are 
developed to greater or less extent; the calyx is equally 
toothed, as in Origanum, or two-lipped, as in Thymus (fig. 
235, E) or Sal via (fig. 234, E); it is long-persistent, and 
often variously"' acSescent in the fruit. The aestivation is 
generally open, more rarely quincimcial. 

The corolla is differentiated into tube and limb; the former 
is straight -or very variously bent, and often widens towards 
' the mouth. The limb is seldom equally five-toothed, or 
becomes by union of the twO' upper teeth an almost regular 
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tetramerous corolla, as in MeMM; usually there is a well- 
marked division into upper and lower lip, which arises in 
three ways. The most general is the 2/3 arrangement, the 
posterior pair of petals forming the upper lip which is flat, 
as in Thymus ( 235, D) , etc., or concave, as in Lamimn, Stachys, 
Salvia (fig. 234), etc., and shewing very great variety in form; 


I / 



Fig. 232. EypHs alforubens. A. End of a shoot bearing flowers which are crowded 
into roundish heads subtended by reduced leaves which form an involucre, 
reduced. B. Yomig flower removed from calyx, x o; lower lip of corolla. 
0. Flower in bud, the corolla cut open and folded back, x 13. D. Calyx, 
equally 5-toothed, enclosing fruit, x 5, E, Nutlet, x 8. 

the three lower petals form the lower lip, the median lobe 
of which is generally most developed. A 4/1 arrangement 
characterises the subfamily Ocimoideae, the four upper petals 
forming a slightly developed upper lip, while the anterior 
forms a very variously differentiated lower lip, as in Hyptis 
(fig. 232). The 0/5 formed, by /pushing all the lobes /forward 
is characteristic of Tewnitiw (fig. 233), 
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The fifth, posterioi% stamen is very: rarely developed; it is 
occasionally present as a staminode,' but generally is eo:m- 
pletely suppressed. The two upper stamens are of ten reduced 
to stamiiiodes or more or less- completely suppressed {Lycopus '^ 
Salvia^ rarely are these developed and the anterior pair 
reduced. Coleus has nionadelphous 'stamens. The anterior 
pair are generally the longer,, rarely, "as in Nepda and allied,' 
genera, the posterior pair. The anthers are two-celled, each 



Fig. 233. Teiicrmm inflatum. A. Shoot -with a't-erminal spike of flower and 
fruit, slightly .reduced. B. Flower, x 2 C. The four untie ts, x 7. I). One 
nutlet cut longitudinally to shew seed and embryo, x 8. 

cell dehiscing longitudinally the cells may be separated by 
development of the connective, which' in Salviem becomes 
filiform and : articulated with tlie^ filament, the anterior cell 
'being reduced or sterile and modified (fig.. 234, C). A liypo- 
;gynoiis disc is common, generally'- four-lobed, the anterior 
pair of lobes serving to secrete nectar. ■ , 

The two median carpels, are. 'very early divided by a con- 
..strictioii .into .four' ,one-ovuled -.segments. - The .stigmatic 
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,^'p'apillae are 'usually, only, at the tip of the style-aims.,, The 
anatropoiis ovules are attached at the inner comer of each 
ovary-segment ; the raphe is on the side next the axis and 
the , micropjde is inferior. 

Two types of flower-arrangement are distinguished in relation 
to iiiseot-pollination. In the less common the anterior part of the 
flower is more protruded, the stamens and style lie on the under 
lip, and nectar is secreted on the upper side of the disc ; the insect 
in probing the flower gets its belly and legs smeared vitli pollen 
(see Eyptis, fig. 232). In Coleus and Plectrantkus the stamens 
and style are included in the boat-like lower lip, while the upper 
forms a more or less erect attracting inechanisni. The flowers 
may be resupinate by torsion of the pedicel, or, in species of Ajuga 
and Teucrium, by torsion of the coroila-tube. 

In the commoner type the stamens and stigma are protected 
by the arching upper lip, as in Lamkim and many of our British 
species, and nectar is secreted on the lower side of the disc. The 
lower lip affords a resting place for the insect, which in probing 
t.he flower collects the pollen on its back. Different genera and 
species shew very numerous variations in detail. The Salvias,, for 
instance (fig. 234), are characteiised by the well-known lever 
' arrangement, the barren half of each anther forming a knob at 
the end of the short arm, which, when touched by the proboscis, 
brings the pollen -containing half at the end of the longer arm 
down upon the back of the insect. 

ifln both types flowers- occur with longer tubes and brightly 
coloured, adapted to visits of butterflies and moths ; as, for 
instance, the bright-red-flowered Monarda, species of Salvia, 
Stachys, etc. Most British species have shorter tubes and are 
bee-flowers ; some South American Salvias are pollinated by 
humming-birds. In 3de7itha, Thymus (fig. 235, D), Origanum and 
allied genera, the corolla is nearly regular with stamens ultimately 
spreading beyond it. The bracts sometimes form organs of 
attrac.tioii; as, for instance, in species of Saluiaj^wlieie the upper, 
are sterile and coloured, or the fertile bracts are large and coloured 
.or white. 

Gynodioecism occurs in widely different groups ; the reduction 
...of the stamens is generally associated with reduction , of the 
. corolla, .as in 31 entha, Thymus, Salvia, Nepeta and others, Heter- 
anthy, or. occurrence' of .large-fi.ow’-ered and smaii-flowered sped- 
.mens, .has-been observed, in .'.species -at Sakirem and Galeo2Mis, 
.;Cieistogamy. occurs in genera of 'different groups {Salvia, ■Lamium, 
Ajuga) and in Lijcopus virginicm M described th^ pro- 
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- often protects by closing above them, and maT 
forming ocQasionally a swollen 
wing winged, thorny, barbed or hairy lobes . 

2 , D, 235, A, C). In species of Ajiuja, Lamium 


>,ies 


of Aj^g<^ 




e protected 

out British 
s disc. The 
In probiirg 
.eiiera and 

^Ti:d'"Salvias,dor 

eE-kno\vn lever 
ing a knob at, 

*he proboscis, 
i pp get arm 


'yhtly 

for 


235. A. Calyx of Scukllaria alpinat the jjosterior lip bearing a. concave 
shield-like process, x 3. B. Hutiets of S. splendensy borne on a columnar 
development of the disc (gynophore), x 5. C. Calyx of Otmtegia, the upper 
lip small, the lower lip (of four sepals) large and spreading, enlarged. 
D. Mower of Thymus vulgaris, x5; tl^ third tooth on the npper lip of the 
lalyx is not indicated (cf. fig. E). E. Calyx of same, x 6. (After Briquet.) 

.all portion of the receptacle becomes separated with the 
ets, and forms an elaiosome, in the same way as noted 
orago and other genera of the family Boraginaceae. 

e cliief centre of distribution of the family is the Mediterraiieaii 
regards' '.numbers of genera' and species and 
in ,^he', general .vegetation/ such genera as 

often o.ccuiTing in 
C ' a, charaeteristie .feature of .the .v.ege- 


. ^tion. 

; the 
[eter- 
,speci“ 
lOpsis> 








^eae is almost exein 
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ductioii of autui 

helre seif-poHi^' aiso a limited distribution; cMefiy iii tropical 
' ■ Sandwich Islands. 

is subdivided by Briquet (in the Fflanzenfamilien) ', 

not gynobasic. Nutlets with lateral-ventral attachment, 
.iually large surface of contact often more than half the 
fht of the ovary. 

^ Subfamily I. Ajugoideae. Seeds without eiidospenn. II 
genera; two, Teucrium (fig. 233) and Ajuga, are British; 
Rosmarinus is Mediterranean. 

Subfamily II. Prostantheeoideae. Seeds with endosperiiu 
Six genera; Shrubs or undershrubs; Australian. 

B. Style completely gynobasic. Nutlets with basal attachment 
and small surface of contact. 

Subfamily III. Prasioideae. Nutlets drupaceous ivitJi 
fleshy or strongly thickened exocarp and hard crustaceous 
endocarp. Seven genera, mainly tropical; Frasium is Medi- 
terranean. 

Subfamily IV. Scutellarioideae. Nutlets dry, pericarp 
thin; seeds more or less transverse; embryo with a bent 
radicle l^dug on one cotyledon. Two genera; Salazaria^ 
monotypic, in Western America and Mexico; SmieRmia 
(British), 180 species, almost cosmopolitan (wanting in 
_^outh Africa, rare in tropical Africa) (fig, 235, A, B). 

^ Nutlets dry; seeds erect; 

— styIesiM|n!^S4 ^^ radicle; lobes of disc 

Inhyo with short iniilo^ular by 

4^11 A ovarv-loDGs, 


-tdcsL with 


opposite the One genus, 

speces, 

disc-lobes 


2b Species, o 7c. |,,^ther 

, Xydoideae. Nutlets dry 

Subfamily ■ straight 


i„„ or spoadtog »nd 


£« die*. 
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and subtropical; HypUs (fig. 232), Ocimum, Pledranthm, 

Ooletis . . 

Subfamily yill. Catophenoideae. Nutlet dry ; seed erect ; 
embryo with curved radicle Ijung against the cotyledons. 
One genus -with three species in tropical America. 

Labiatae are readily distinguished from all other families 
except Verbenaceae, with w'hich they are closely united by the 
first two subfamilies in which the style approaches more or lass a 
terminal position. Several genera of yerbenaceae, on the other 
hand, have the style more or less deeply sunk between the four 
ovary-lobes, and the relation becomes closer from their cymose 
mfloresoenee, and the fact that several of the verbenoid genera 
of Labiatae have the laterally attached liemianatropous ovule 
which also characterises the yerbenaceae in cpiestion. It is on this 
account imi)ossible to draw a sharp line between the two families. 

The separation of the ripe fruit into four nutlets has led to the 
association of Labiatae with Boraginaceae hi one order Nuculi- 
ferae by some botanists; but the Boraginaceae are readily dis- 
tinguished by their superior micropyle, outivardly directed raphe 
and the superior radicle of the embryo. 

The resemblance with Scrophulariaceae and Acanthaceae based 
on the occasional occurrence in these families of opposite leaves 
and a four-angled stem is superficial ; the fruit structure completely 
separates them from Labiatae. 

Many genera are of economic ute on account of tlT^j^atile 
oils which they contain. Such are Tt^ une Ma.ri.nr3n-<-Id^^^tt.»A. 
Sage (Salvia), Rosemary 
Patehoul.v (Pogostem 


4; 



; I'tms), Lavender (Layaghtly 
L'libers of Stachys are eaten. 

SOLAXIXEAE. Flowers sometimes regular and 
isostemonoiis, but usually medianly zygomorpliic, wdth four or 
two fertile stamens. Carpels generally two (five inNolanaceae) 
with usuaUy indefinite ovules. Fruit generally a capsule. 

Family VI. NOLANACEAE 

A small family of about 40 species in three genera, on the 
western side of South America, mainly strand-plants. They are 
herbs or small shi-ubs with alternate, often fleshy, simple kaves 
and regular bisexual pentamerous flowers, solitary or associated 

Inbrd f Tf fmmel-shaped, with a five- 

stamens are all fertile and of equal 
hYPically faye-eariiellary ovary is many-ovuled and 
IS divided longitudinally into a series of 5 to 10 segments, or trans- 
versely into 10-30 segments standing in two to three superposed 
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series ; eacli segment, fornls . a: one- ■' to seven-seeded ■ nierimrp, 
iisnally with a stony endocarp. The embryo is curved and sur- 
rounded by endosperm. 

The famiijr has been variously ]Dlaced by different authorities. 
Bentham and Hooker included it in Con volvulaceae, an affinity 
with which is suggested by 'the form and aestivation ' of the 
corolla, and the pentameroiis ovary. The separation of the fruit 
into mericarps recalls Boraginaceae. It is however probably most 
nearlj^ allied with Solanaceae, with which it was united by Duiial 
and Baillon, but from which it is distinguished by the remarkable 
structure of the fruit. 

Family VII. SOLANACEAE 

Flowers bisexual, regular or sometimes zygoniorphics hj^po- 
gyiious, conforming to the formula S5, P5, AS, G(2). Sepals 
persistent, often enlarging in the fruit. Corolla ganiopetalous, 
shape various, rarety two-hpped; aestivation various, generaity 
plicate, sometimes also convolute. Stamens inserted on the 
corolla-tube and alternating with the lobes, in zygomorphic 
flowers often unequal, sometimes one is rudimentary ; anthers 
bilocular, dehiscing by shts or pores; hypogynous disc 
generally obvious. Ovary bilocular, or falsely 3- to 5-locular, 
the carpels generally obliquely placed; ovules generally^ 
numerous on swollen axile placentas, anatropoiis or slightly^ 
amphitropous; style simple, stigma bilobed. Fruit a many- 
seeded berry or capsule; seeds often with a pitted testa; 


, ons. 

nlants are small annual herbs, as in Solmmm nigrum, 
a 6 ' 111 w^eed in waste places, or biennial, or, generally, 

peren m Atropa Belladonna (Deadly Nightshade), a larger 
branchn .g'herb which is indigenous on chalk and limestone 
in Britain. Climbing plants occur, .as SjilamMm Dulcamma, 
an irregularly trailing twiner. Plants of, 'very various habit, 
including herbs, shrubs, and trees, creeping, erect and climbing 
plants, 'are found in the., single genus Solanmn, 'which com- 
prises more than' half the number of species iii' the family. 


3 mbryo bent or straight, embedded in endosperm. 

Herbs, shrubs, or small tree s... .leaves 

hiaiirSTmtateral axes, solitary or in cymes. 
Genera 85; species about 1800; tropical to temperate 
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The. leaves, are generally alternate. in the vegetative parts, 
in' the flowering parts often in pairs, an aiTaiigemeiit which, 
like the extra-axillary position of the flowers or cymes, is' the 
result of CQn geniM_.._iii nkyi of ..axes. 

Thus in Datum (fig. 236,. A), w^here branching is .dichasial, 
the leaf at any given node belongs really to the node below, 



with usually indefinite ovules. Fruit generally a capsule. 

Family VI. .NOLANACEAE 

A small family of about 40 species in three genera, on the 
wes.tern side of South America, mainly strand-plants. They are 
herbs or s,mall shrubs with alternate, .often flesh}-, simple leaves 
and regular bisexual pentamerous flowers, solitary or associated 
in, leafy racemes. The corolla is bell- or fumiel-shaped, with a five- 
lobed limb folded in bud; the stamens- are all, fertile, and of equal 
length. ,Tlie typically five-carpellary ovary is . iiiaiiy-ovuied and 
is divided longitudinally into a' series of ,5 to l() ,seg,meiits,, or trans- 
versely into 10-30 segments standing ■,in, two , to three superposed 
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undeveloped branch at the node in question and a larger 
({?, jS,. etc.) which has been carried up from, the node 
below. Solanum 236, .0) illustrates^ a further 

complication owing to the union of the flower-shoot for some 
distance above the position of its bract with the axis of the 
next higher degree ; the flower-shoot thus appearing to spring 
from the middle of an internode (extra-axillary). 



‘ons. 


•plants are small annual herbs, as in Solanum nigrum^ 
a 6 ‘ in weed in waste places, or biennial, or, generally, 
peren as Belladonna (Deadly Nightshade), a large 

branchi..g lierb wiiich is indigenous on chalk and limestone 
in Britain. Climbing plants occim, as' Sfianum Bulcanmra^ 
an irregularly trailing twiner. Plants of ' very' various habit, 
including herbs, shrubs, andhrees, creeping, erect and climbing 
plants, nre fomid in the., ' single genm'Solanmn, which mm- 
prises "more ' than half the number of' species in, the family. 
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the rotate corolla of Solmmm .(fig, 2 , 87)5 or the bell-shaped, of 
Atropa, or, as in Hyosayamus (Henbane), somewhat irregular'. 
Zygoiiiorpliy is, more strongly marked in the trilie Salpiglos- 
siclms^ . whem , only two or four fertile >stameiis are present 
(fig., 241), and the corolla may become strongly twodipped, 
as in .ScJdzmUh/ics, The stamens are generally more or less 
nneqiial in ,.length. Exceptions fro.m tlie typical dimerous 
ovary occur. Henoonia^ a monotypic Cuban genus, has a 
unilocular one-oviiled ovary. In Capsicum the ovary becomes 
unilocular in the upper part. On the other hand, several 
genera are characteiised by an iiigrowth of false dissepiments 
forming, as in Datum (Thorn-apple) (fig, 239, E), a regularly 
four-celled or, as in Nicandra, an irregiilaiiy three- to five- 
celled chamber. The ovules are generalty numerous but some- 
times few, as in Cestmm, a large American genus with tubular 
flowers, species of which are gipenliouse plants. The great 
majority are bisexual, with conspicuous flowers adapted to 
insect-pollination; nectar is secreted at the base of the ovary 
or at the bottom of the corolla-tube between the stamens. 


The flowers are homogamous or proterogjmous. Cleistogamie 
flowers occur in SaljAglossis. 

The fruit is a berry or capsule, the two forms being con- 
nected by dry indehiscent and irregularly dehiscent berry-like 
fruits. The greater or less curvature of the embryo affords 
characters for the separation of the genera into tribes. The 
j^ersistent calyx may serve to protect or distribute thp friiit: 
t he 
but 



of 11: a'; (S', bracts of III, etc. (After EioWer.) 

mt has become adnate to, or raised up on, its axillary shoot 
far as the next node; this union is indicated m black in 
lie figure. In Atropa. Bdlachnna (fig. 236, B) one ol the two 
iranches at each node remains undeveloped, and there are a 
,)air of leaves, a smaller (a, a', a", etc.) which subtends the 
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an .ornamental plant, the - calyx ;'.becoiiimg . enlarged in the 
fruit, .as in , 

Tribe 2, Bolaneae, Ovary two-ehambered.' Contains 40, genera, 
which are grouped into subtribes according to the form of 
the corolla, the character of the fruit, and the insertion of 
the anther. Lydum has 100 species in the extratropical 
parts of both hemispheres, comprising small trees or sliriibs, 
often thorny with, a long cylindrical or narrowly bell-sliapexi 



extra-axillary position of tlie inflorescence. B. Mower in vertical section, x 2. 
C. Upper portion of anther shewing the porous dehiscence, x 7. D* Berry, 
slightly enlarged. E. Same cut across shewing seeds on ])ranched placentas. 


A constant anatomical character is the occurrence in the 
stem of bicollateral bundles, affording a distinction from the 
simple collateral bundles of Scrophulariaceae* 

The flower, speaking strictly, is rarely actinomorphic 
owing to the oblique position of the ovary as indicated in the 
floral diagram (fig. 239, D). The corolla is regular^ for instance 


or funiiei-shaped; fruit a many-seeaea, 

by the calyx-tube, with circumscissile dehiscence; H.^mger 

(Henbane) is British. ■ ' , ^ .1 

Fhysalis, 45 species mostly in the warmer parts of North 
and South x4merica. The calyx becomes large and biadder- 
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very various habit, with a rotate corolla and many-seeded 
jiiicy berry; the anthers form a cone in the centre of the 
flower and dehisce by apical pores (fig. 237). S. tuberomm 
(lotato), b. Ly(^mic%m (Tomato); S. Dulcamara mtttr- 

sweet) and are British. 



D f&ruviana (Gape Gooseberry), A. Flower-bearing node, 

. Flower in vertical section, x G. Enlarged calyx surronnding 

Fig. 240 . nat. size. B. Lower part of calyx cut open exposing tne fruit, 
G. Fruitnlarged. 
nlacen" 

coroila-tiibe and a jiiicy^ berry. Lycium chinense is a straggling 
climber often cultivated under the name Tea-piaiit. 

Atropa,: two species in Europe, North Africa and West 
and Central Asia; A, Belladonna (British) 3delds the powder- 
fill drug atro|)in; corolla camfianulate, fruit a fleshy berry. 

Hyoscyamus, 11 species from the Canarj^ Islands through 
Europe and North Africa -to Asia; corolla irregularly bell- 
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parts of the eartli; corolla large funnel -shaped: fruit a 

capsule or berry Arith numerous Hat seeds. D.Stramxmmm 
off ^’1 ®scape in Britain, is 

Series B. Embryo straight or only slightly bent. 

Tribe 4. Cestrem. - AO. five stamens fertile. 24 genera, almost 
exclusive y American. NiccMmm, 50 species: A^ tabacum 
(Tobacco) (fig. 240) and other species are cultivated. Oestrum 
140 species in tropical and subtropical America. Petunia 
14 species, chiefly tropical American. 

Tribe 5. Salpiglossidme. Two to four 
stamens fertile, ahvaj^s unequal ; 
flowers obAUOusly zygomorphic. 10 
genera, tropical American and Aus- 
tralasian. Salpiglossis (fig. 241) (eight 
species in subtropical South America), 

Schizanthus^ (11 species in Chile) and 
Brtinfelsia (22 species, tropical 
Ameiica) are known in cultivation as 
ornamental plants. 

Solanaceae are most nearly allied to 
Scrophulariaceae, from which the majority 
or what Aye may regard as the tyifical membere 
(beries A in the aboA-e arrangement) 

separated by the act’ 

the coipp'/f] f 1 

^^^eparatj 

6ersisten!?Tfe«jr?Tnay serve ftJ^wcect or distrib 

or the blauaeiy 'structure enveidf-" 

(Winter Cherry, Cape Gooseberry) (fig. 238). 




The main distribution centre of the family lies in Central and 
South America; 38 out of 85 genera are endemic in Central and 
South America and the West Lidies. 

The genera are arranged as folloAA's by Wettstein (in the 
Pfianzenfamilmi). 

Series A. Embryo curved through more than a semicircle. All 
five stamens fertile, equal or slightly unequal. 

Tribe 1. Nicamlreae. Ov^aiy tliree- to five-chambered, placenta 
irregularly three- to five-lobed. Contains a single monotjyic 
genus Nicmdra, a native of Peru, but Avidely cultivated as 


SCEOPHTJLAEIACEAE 


625 





. Flower in vertical section, X 1|. C. Enlarged calyx surromidirig 
Eig. 240. nat. size. D. LoAver part of calyx cut open exposing tne fruit, 
G. Fruitnlarged. 

placeii ■ ■ ^ . 

corolla-tube and a j nicy berry. Lycium chinense is a straggling 

climber often cultivated under the name Tea-plant. 

Atropa, two species in Europe, North, Africa and .. West 
and Central Asia; A. Belladonna (British) yields the power- 
ful drug atropin; corolla campanulate, fruit a fleshy berry. 
Hyoscyamus, 11 species from the Canary Islands through 
: Europe and North, Africa to Asia; corolla irregularly bell- 
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, . and many Veronicas, where the posterior sepal is suppressed; 

. in PeMmdaris. two to five teeth are present, and in Oalceolaria 
, the. two anterior sepals are emnpletely united. 

The typical meclianly zygomorphic corolla shews great 
' diversity in form, depending on the length and breadth of the 
tube, which may be almost obsolete, as in. Veroiika (fig. 244, C), 
or large and bell-shaped, as in Foxglove (iig. 244, D), and on 
: the union and development of the limbs, which are spreading, 
as in Veronica, small and siiberect, as in Scropkularia (Fig- 
wort) (fig. 244, G), or form a pair of closed lips, as in Linaria^ 
or Antirrhimim. Linaria is characterised by a spurred 
anterior petal, Diascia (South Africa) by a spur on each of 
the lateral anterior petals. In Calceolaria (fig. 244, B) the 
tube is very short and the limb forms two lips, an upper 
smaller, formed by the union of the posterior pair, and a 
lower larger, formed from the three anterior petals. A regular 
corolla occurs in a few genera; Verbasctim has five nearly 
equal segments. In Veronica, Gratiola and others the corolla 
becomes foim-Iobed by a complete union of the two posterior 
petals (figs. 243 and 244 , C). Of the five stamens all may be 
present and equal, as in some species of Verbascum ; generally 
however (as usual in Ve/^'bascuni) thB three posterior are longer 
than the anterior (fig. 244 , A). In the great majority the pos- 
terior stamen is more or less aborted ( 24 eL 

fertile theuinteri w pair are 

sfe*waa, or distrib 

• hut lA - 

or the blbucleiy structure eiiveiof^'^ 

(Winter Cherry, Cape Gooseberry) (fig. 238), 

The main distribution centre of the family lies in Central and 
South America; 38 out of 85 genera are endemic in Central and 
South America and the West Indies. 

The genera are arranged as follows by Wettstein (in the 
PflanzenfamiUen) . 

Series ' A. Embryo curved through more than a semicircle. All 
five stamens fertile, equal or sMghtl^miiieqnal. 

Tribe 1. , Nicandreae., Ovary three- to five-cliaiiibered, p,laceiita 
■ : irregularly three- to five-lobed. Contains a single monotypic 
... genus .ATcwidm, - a native of Peru, but widely cultivated as; 
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the stigmas and stamens are placed so as to touch the back 
of the visiting insect (a large bee), the closed flower of Snap- 
dragon requiring a certain amount of strength to separate 
the lips, and Euphrasia and others with loose powdery pollen 
and appendaged anthers, which when disturbed shake out 
the pollen on the visitor’s head. In species of Mimulus asd 
others the stigmas are sensitive to contact in such a way as 
to favour cross-polhnation by the visiting insect. There is 




Thapsus cut longitudinally, sliglitly reduced, 
view, the two stamens and the style with 
\ve the large lower lip of the corolla. C. Corolla 
"''officinalis, enlarged. D-F. Digitalis purpunu. 
•'Tjj^slightly reduced. E. phuit, opening "^long the 



D peruviana (Cape ^ 

. Flower in vertical section, xlj. G.Enhft_}.^ 

Fig. 240. iVh'cc nat. size. B. Lower part of calyx cut opt - 1 • . 
C.,Frmtnlarged. 

l.mo^-tube and a juicy berry. 

climber often cultivated under the » ^ ^ 

Atropa, two species C Ids the power- 

and Central Asia ; A . Belhdonna ^errv. 

ful drug atropin; corolla campanulate, ^ 

Hyoscyamus, 11 species from the Canarv Id - s 

Europe and North Africa to Asia; corolla irregdailj bell- 
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and "large, as ill Veronica, The testa is sniootli or variously 
granular, angled ,or„ winged. In Linaria Oymbalaria the plant 
buries its seeds by the downiwwd bending of the fruit-stalks. 
Species of, Verorhimj Lathraea said Melampyrmn are classed 
as myrinecochoroiis. An elaiosome is formed from the raphe, 
in the, first, two genera and from the chalaza in the last. 

Scrophifiariaceae find their chief development in the teinjierate 
regions of both hemispheres, diminishing rapidi}^ towards the 
tropics and colder regions. 

, The^. following are the subfamilies nnd principal tribes adopted, 
by Wettstein in the PflanzenfamiUm, 

A, The two posterior eorolia-lobes covering the lateral lobes in 
the bud. 

Subfamily I, Pseudosolanoideab. Leaves alternate, five 
stamens often present. 

Tribe Verbasceae. Verbascum, five stamens (British); 
four stamens. 

Subfamily II. Antibrhinoideae. At least the lower leaves op- 
posite; the posterior stamen absent or barren. 

Tribe Calceokirieae, Corolla two -lipped with a large concave 
lower lip. Calceolaria^ 200 species, chiefly temperate South 
American. 

Tribe Corolla two-lipped, spijpfed or saccate 

at base. Linaria (British), 95 said Antirrhinm 

(British), 32 Siomorphic j^emesia (South 

^^te staminal whorl, as well as 
xcollateral vasculai*-^^^ or^racemiy 1< 
nile theif 'hpecie&e^t^ii^^Vetc. In FeroH/icciL 

cultivated in g 
(British) ; Pentstemon, chiefly ISlort] 

Paulownia, an arborescent Japanese genus, grown in 
BuroxDean gardens. 

Tribe Oratioleae. Corolla two-lipped, not spurred or saccate; 

flowers solitary or racemose. Mimulus (Musk), chiefly ex- 
' ,tratropical American, M, guUatus {Langsdorjii) has become 
widely naturalised by the side of streams in Britain;. 
Gratiola ; Lanosella 

B. The posterior corolla-lobes covered in the bud by one or both 
, of the lateral lobes. 

■ Subfamily III. ■ BHiNANTHom^^ 

,' Tribe DigUcdeae, .Corolla-lobes flat and divergent, or the two 
iij^per erect,;' not parasitic. Verondca (British),, 200 specieS; 


not spurred or saccate ; 

cymose. CoUmsia, 
ardtJiio\ • Scrophulari^ > 

[i Americaii'TgardS^r 


SCROPHULAEIACEAE 


529 



.mostly north ..temperate, but also in.; New , Zeal amt ,, am! 
^Australia; (British),- 25 species, Europe and West 

Asia; (British). 

Tribe Germxlieae, Similar to DigUaleae, but one of the 
anther-lobes is often ' reduced. Hemiparasites, or, as in 
the South African Harvey a and Hyobanche, parasitic. 

Tribe RhimntJieae. Ux^per corolla-lobes forming a helinet-liice 
li]3. Hemiparasites as Odontites, BaHsia, Euphrasia, Bhin- 
anthus, Pedicularis, Melampyrmn, all of which have Britisli 
rejpresentatives ; or parasitic as Lathram, which iiicliicies a 
few sx>ecies of root-x)^rasites wdthout chlorophyll and l)ea.<r- 
ing scale-like leaves (L. Squamaria, Tooth-wort, is British). 

Heinricher^ has studied in detail the development and 
life-history of the Ehinmiiheae and indicates an interesting 
gradation in ]3arasitism from thehemix)arasitic aorjiial forms 
(such as Euphrasia, Odontites and Melarniyyrum) to the ti'uly 
X)arasitic Lathraea, as found in the perennial forms, Fedi- 
cAilaris, Bartsia and Tozzia; the last naaned will ou!^' 
germinate in association with the host-jdant. 

The family is most nearty allied to Solanaceae. (he alii nit y 
being m ost marked in t he tribes Verbasceae md B alp i gloss idea e 
res|)eotively. Scrophulariaceae are distinguished by the median 
position of the carpels, the aestivation of the corolla, and also in 
most cases by the zygomorphic corolla, and the reduction of the 
posterior stamen; an anatomical distinction is afforded by the 
collateral, not bicollateral, structure of the vascular bundles in 
the stem. Of thep^^ber near!}" allied families, Orobanchaceae anrl 
Gesneriaceae diffW unilocular ovary with pjarietal placenta- 

tion, and Bignc^y^'^'e and Pedaliaceae in the absence of endo- 
sperm. Acanthi^ ?nd Verbenaceae, which have often a similar 
habit, are distily dshe'd by the structure of the fruit. 

The uses of Scrophulariaceae are limited. DigitaMs and other 
genera are or have been used in medicine, and many genera are 
cultivated in garden or greenhouse for their show;/ tl owwu's. 


The small family (IX) Selaginaoeab regarded by 
Whttstein as a tribe of the subfamily Antb^^'^vl lower pa.of Sero- 
phulariaceae, wdth which it is certainly ^“^sisis 

of about 120 s^iecies of herbaceous or sir ‘ ” 

habit, mainly South African, but fov"^ carpels are, median; 
on the mountains of tropical monotypic ...Asiatic genera., 

iiiorpliic hyi30gynous fl owners' 

‘ . d' ventral edge or become displaced 

zdfjS/vhi, 77 ^ 897 )^ 5 ^® often branched. 
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the plan of structure is that of Scrophulariaeeaa (fertile stamens 
four or two, anthers becoming one-celled), ])nt there is a single 
pendulous ovule from the top of each cell of the ova.ry and the 
fruit consists of two achenes ..which become free wlien ripe ; the 
achenes are .often uiiecjuai and one be sterile or obsolete* 
Principal .genera, Hebemtreitia and Selago ; species of the foiarier 
are growui in the greenho.iise. 

, The closely allied fa.miiy (.X) Globulariaceae, with 20 species, 
mainly South European and Mediterranean, comprises perennial 
herbs or shrubs, with simple, alternate exsti})uiate leaves and 
small hypogynous zygomorphic flowers crowded in a head sur- 
romided by an involucx'e of bracts. The individual flou’cr with its 
tubular calyx, markedi}^ twodipped corolla, and didynamous 
stamens suggests Labiatae, but the ovaiy is umiocular, uith a 
single anatropous ovule pendulous from the apex; the style is 
terminal with a capitate or short twmdobed stigma. The fruit 
is a one-seeded nutlet enclosed in the persistent calyx. Most of 
the species belong to the alpine and Mediterranean genus CMo- 
bularia. Bentham and Hooker included the family in Selaginaceae; 
it may be regarded as a further development of the tendency 
expressed in that family to aggregation of the flowers and reduc- 
tion in the gynoeciiim. 


Family XI. OROBAXCHACEAE 

Flowers bisexual, medianly zygomorphic. (*alyx hvjxogynous, 
gamosepalous, two- to five-partite. Petals- five, imlyrieate, imiied 
to form a tw^o-lipped corolla. Stamens foun didmiamous, epi- 
petaious. Carpels tavo, median, rarely three, ‘S^ry superior, uni- 
locular, placentas (two to six) parietal, often ^apeci in section 
and variously branched ; ovules indefliiite, anal not as : style single ; 
stigma terminal, often two- to four-lobed. Fnm a capsule de- 
hiscing iociilicidally ; seeds minute, containing a few -celled xin- 
differentiated embryo in an oily endosperm ; testa pitted or rough. 

Amiual or perennial parasitic herbs containing little or no 
cMorophyll, scale-like leaves and flow^ers in a teriiiinai 

raceme, rajy^’^ ^ ,aiy and terminal, 

^ faniity live parasitically upon the roots of 

tralro^ical themselves by root -suckers. 

'Sw when in contact with 

arotiola; 

,, T ^ntmireay the scarlet flowers, are 
B. The posterior corolla- o upright stem bears a raceme 
of the lateral lobes. Broomrape {Orobanche): in 

Subfamily flower stemds In the axil 
Tribe 

upper erect; not parasitic. 
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of a bract and a pair of bracteoles are also often present on the 
pedicel.. Tbe form of the calyx shews . considerable variatio.ii 
affording useful systematic characters. It is typically pcnitainerous, 
blit reduction or suppression of one or more members may occur ; 
thus the anterior lateral sepals- are absent in some species of 
Orobanche. Th.e posterior stamen is always suppressed ; the anthers 
dehisce lengthwise ; occasionally one half -anther is barren, as in 



Eig. 245. Qrob/m cke, caryor)ki/llacea. A. Flower-spike and lower part of 

reducedr S* Corolla cut open shewing position of stamens, enlarffeil. 
C. Floral diagram. (A, B after Reichenbach; C after Eiehler.) 

the tropical Asiatic Chnstisonia, 'The two carpels are median: 
where three are present, as in three., monotypie.: Asiatic genera, 
the odd one is posterior. -Each carpel hears two parietal piacentas. 
which may unite in pairs at the ventral edge or become displaced 
towards the middle line of the carpel; they are often branched.. 
In Christisonia the ovary .becomes two-celled below^ by union ■ of , 
the placentas.. 


34-"3, 
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. The flowers are proterogyiioiis and pollinated by insects, wliicli 
are, attracted .by the scent, and .the- nectar secreted at the base of 
the stamens or ovary. 

The capsule has a leathery pericarp splitting lociiiicidally in 
drying.; the minute seeds, -which are produced in great .numbers, ■ 
have a honeycombed testa and are readily carried by the wind. 

The 11 gkiera contain about 130 species, wliicli are almost 
confined, to the northern hemisphere, reaching their greatest 
development in the warm tempei^ate zone of the Old World. 
Vrobmiche contains ,90 species, nine of which are, British; some 
.occur on, definite liost-j)lants, for instance, 0.. Hedeme on Ivy ; 
others, are confined to single genera, or families, or occur, like. 
0. minor OT 0. ramiosa, on species of various families. They may 
become clangeroiis pests to cultivation, as O, mmosa in Hemp 
and Tobacco fields, or O. mf/mr on Clover. 

The Orobaiiehaceae have -been regarded (as, by Bailloii and 
Warming) ovfing to the uixilocular ovary as a pamsitic offshoot .of 
the Gesneriaceae. The genera of Gesiieriaeeae.are however, strictiy 
aiitotropliic. The ' Scro.phulariaceae,.^. on the other hand, include 
various degrees of parasitism ' in the tribes Gerard I eae and Bhin- 
a/nthem; thus in Gerardia some species are tali leafN’^ ]->lants with 
s,lig!it root-parasitism, as G. fiava, and from these, transitio.ns, 
sliewing increased |)arasitism, lead to G. aplnjlla. which has very 
small leawes and is i^lmost completely parasitic. The South African 
genera liarrejja and Hyobanclie are completely parasitic, the latter 
having a short tiesliy stem covered with scale-leaves and a dense 
spike of flowers suggesting in. its habit the Oro])anchaceae. 
Heinricher’s intensive morphological and pli\'siological studies on 
the RMnanthem indicate a very close relationship between such 
genera as , the hemiparasitic Bmisia^mxelTozzknvrliioh is success- 
ively lioloparasitic and hemiparasitic, and the completely parasitic 
Bathraea, ..viiich on 'aecouiit of its- incomplete!}^ two-celled ovary 
has been .iiicliidcxi in Orobanchaceae. : Boeshore^- has recently , 
reviewed the evidence for ■ regarding the Orobanchaceae , as a 
direct ■ continuity of .The line of 'parasitism developed in , the, 
„,Scrophuiariaceae. , , 

■ ' ■ Eamily XII. "■GESNERIACEAE 

' - Elowws bisexual, zygomorphic, with, the formula iS 5, P5, 
AS, or, 4 or 2, G(2). Calyx 'gamosepalous,. teeth generally 
short, with, valvata . aestivation.' -Corolla gamopetalous, tube^' 
.generally .w^ell-developedV -often; two-lipped, aestivation liii- 

^ Contnbulionsfrom the. Botanical Lahoratory of the of Pcn nsiilvania, 

Y, 139 ( 1920 ). 
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bricate. Stamens generally - four,' didynainous, epipetaloiis; 
disc obvious. Ovary superior or more or less inferior,, uni- 
locular, sometimes imperfectly bilocular by the ingrowth of 
the parietal placentas; ovules indefinite, anatropous; stj^le 
simple, stigma usually bilobed. Fruit a two- or four-valved 
capsule, sometimes indehiscent and fleshy; seed>s numerous, 
small; endosperm present or absent; embryo straight. 

Generally herbaceous or slightly woody plants, -with 
opposite entire exstipulate leaves and solitary or cymose 
showy flowers. 

Genera about 100; species about 1100; mainly tropical and 
subtropical. 

The members of this family are herbs or more or less 
woody undershrubs, rarefy arborescent; some are tree- 
climbers, attaching themselves by adventitious roots pro- 
duced at the nodes. Sinningia speciosa (the Gloxinia of 
greenhouses) is an example of a tuberous habit which is met 
with in the subfamily Gesnerioideae, the tuberous thickened 
rhizome producing annual aerial shoots. These species are 
propagated by leaf-cuttings. A more frequent habit in this 
subfamily is associated with the production of generally 
subterranean runners which are thickly covered with scale- 
leaves. 

In the other subfamily, Cyxtandroideae,, a remarkable re- 
duction of the axis is fomid in species of Streptocarpm and 
other genera. In some of these the adult plant has but one 
leaf, which is a much developed cotyledon, the second 
cotyledon having perished early in the life of the plant (fig. 
247). Attachment and nutrition are obtained by adventitious 
roots from the base of the leaf from which vSpring also 
the flower-bearing shoot and adventitious leaf-shoots. The 
adult plant is thus comparable with an individual which, as 
in Sinningia, has been developed vegetatively from a leaf. 

■To the same subfamily ^ belongs the large Indo-Malayan 
genus Aesehynanthus, comprising subshrubby epiphytes with 
fleshy or leathery leaves. . 

The leaves are simple, with an entire or toothed margin; 
they often havea soft thick hairy covering. They are generally 

I' 
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decussate, , sometimes in whorls of , three or four, rarely 
alternate. Stipules are absent. 

The flowers may be '.solitary in the leaf -axils but are 
generally arranged in, denser or looser cyinose inflorescences; 
they are showy and markedly zygomorphic (except Rammidia). 

The calyx is usually tubular with five more or less equal 
teeth. „ The form of the corolla sliew^s consideu'able variation 
from the rotate almost regular form characteristic . of Ra- 
mondia, a small South European alpine genus, to the bell- 
shaped zygomorphic Gloxinia type. Associated with the 
more regular corolla is the presence of five stamens {Rmnondia)y 
wiiile ill the majority of the genera the zygomorphy is ex- 
pressed by four didynamoiis stamens; a further reduction to 
tw^o fertile stamens is frequent in the Cyrtandroideae, The 
form of the anther, the development of the connective and 
the position of the cells afford good generic characters, as 
also does the structure of the disc, wiiich may be ring-like or 
lobed or form five or fewm’ distinct nectaries. The position 
of the ovary allow^s a separation into twu distinct subfamilies, 
Cyrtandroideae, having a superior, and Gesnerioideae, having 
a more or less inferior ovary (fig. 246). 

The large bright-coloured flowers, theur zygomorphy, and 
the genex^al arrangement of the stamens and style indicate 
adaptation to insect-pollination. 

The fruit is generally a twm- or foiir-valved capsule de- 
hiscing loculicidally ; in Ramondm and allied genera it is * 
septicidal. Fleshy berry-like fruits are characteristic of 
Cyrtandra, a large genus found chiefly in the islands of, the \ 
Indian and Pacific Oceans. ; * 

The seeds are small and numerous, wdth a considerable 
amount of endosperm in the Gesnerioideae, or none or only a " 
trace in Cyrtandroideae. 

The species inhabit mainly the tropical and subtropical ! 
portions of both hemispheres. The family is represented in 
Europe by twm endemic genera, Ramondda (four species, in- 
cluding Jankaea), Haberlea (one species), found onty in ! 
the Pyrenees and the mountains of the Balkan peninsula.. 
Allied to these :is dhe small tropical East African genus Samt- . 
pmdia ; one species, S. ionanthay is xvell-knowii in cultivation. 




i. ' 
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The priiiGipai genera in the two suhfajnilie 

CYRTx4,]srDROiDEAE, Eamofidia; Didymoc^^f fuf) .species, 

mostly Indo -Malay an; Streptocarjyus, 50 spt%^||Re>. iijjiiniy South 
Africa and, Madagascar; 8, 2 ^olyanth'US and an* cultivated; 

Aeschynwntlvus . 70 species, Indo-Malaya and A Auitii hliina; Bes- 
leria, 50, species,, tropica.l America, the fruit is g\niiTdl\y a berry 
Cyrtandm, 180 species, mainly in. the islands of^ , ilie liiciian and 
Pacific Oceans, also known .in cultivation; Colum^^yn, |f^p species 
tropical America.. ' Ilf ^ 

0-ESij^EBioiBEAE. Aclhimenes, 25 species, tropica|i Anu^rica, cul- 
tivated; Sinningia, 20 species, Brazil; 8. spedo^^^ ih the well- 
known G,iox,iiiia of greenhouses; Gesneria, 35 specie^/ Omamly West- 
Indian. 

The Gesneriaceae are closely allied to the Scroph™ 
Orobancliaeeae and Bignoniaceae, and it is difficult to drJ 


distinctions between the four families. Bignoniaceae are se; 
by the siliqiia-like woody fruit and large generally wdnged si 
frequently also b}" the divided leaves, the habit and the anom 
structure of the wood. The best distinction from Scrojphular . 
is the unilocular ovary. Orobancliaeeae are sometimes rej 
as a parasitic degenerated group of Gesneriaceae. 


[iriaceae, 
sharp 


Family XIII. PEPALIACEAE 




A small family of annual or perennial herlis, more rarely 
with opposite leaves, or the upper leaves spirally arrange.! 
generally axillary flowers. Muciiage-containing glandular 
are common. 

The flowers are bisexual and z^^gomorphic, with five 1 
sepals and petals and four did;^niamous stamens, the'BTffl*’‘^imien 
being represented by a small staininode. The two carpels form a 
superior two- to four-chambered ovary (inferior in TrapeUd) '^ the* 
chambers may be more or less completely divided by the develop- 
ment of false septa. There are one to many ovules on an axile 
placenta in each chamber. The fruit is a capsule or nut, often 
winged or provided with thorns or hooks. The seeds contain a 
straight embryo surrounded by a thin layer of endosperm. 

There are about . 50 species in, 16 genera, mostly .shore- and 
clesert-piants in tropical and South Africa, Madagascar, the Indo- 
Malayan ^region and tropical Australia. 8esammm,. .the largest 
genus, contains : 1,6 species qn tropical, Africa' and tw'O in further 
Iiidm ; 8€8amuw^ indicum {SesB^me) is, widely cultivated in, the 
warmer parts of .both hemispheres for .its : oily seeds ; it was known 
to the. old' Greeks and Romans. , Harpagophytum (tw^o species in 
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South Africa) has large woody fruits which bear stiff barbed 
processes. 

Trapella^, aii aquatic herb with broad floatiug leaves .and 
narrow submerged leaves, a. genus .with two species in China and 

Japan, forms a distinct subtribe characterised by its inferior 
ovary and only two fertile stamens. 



I’m. 248. Sesamiim mdicum. A. Portion of plant shewing flowers and fruit, 
slightly reduced, B. Corolla opened from the front. C. Pistil, eniargod. 
D. Transverse section of ovary, much enlarged. E. Fruit dehiscing, slightly 
reduced. F. Seed. G. Seed cut lengthwise, x 3. (A, C, .B/E after Stapf.) 

Martyniacbae (XIV) form a small tropical and subtropical 
American &mily with three genera and nine species which are 
often y»«!fuded in Pedaliaceae but may be distinguished by their 

/ ■ ' 

E. W. ‘‘On the. structure, development and .affinities of TmpelkC^ 
''AnnalsofBotan]/yii,15{lBSB). 
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iimiociilar ovarv witii parietal piaceiitatioii. The fruit is a horned 
capsule, the soft outer- layers of the pericarp falling and leaving 
a, woody eiidocarp. The T-shaped' jiiacentas becoiiiiiig united with 
each otiier and, the wood.y endocarp tend to form a foiir-cliaiiibered 
interior. 

The mono ty pic genus Martynia is an aiiniial herb, probably a 
native of Mexico but now found in the tropics of both lieiiii- 
spheres. The stiga.ias are sensitive, and the fruit (fig. 249) bears 
two long ciir\’ed horns, an admirable adaptation for distribution 
by attachment to the coats of large animals. 



Fig. 249. Fruit of Murtyyiia lutea, x |. 


Family XV. ■ BIGI^rONIACEAE ' 

Flowers bisexiial, zygomorjihicpwith the forniiila So, P5, 

G(2). Calyx gamosepalous. ' Corolla usually bell- or funnei-shaped 
with descending imbricate aestivation. Stamens springing from 
the lower part of the corolla-tube, did^uianious, the ' poste.rior 
represented by a staminode; anthers .two-celled, the cells usually 
.'placed one above the. other, dehiscence longitudinal ; hypogynoiis 
.disc present., .Ovary superior, bilocular, more lurely unilocular; 
ovules numerous, anatropous and- usually erect on axile placentas 
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style simple, filiform; stigma bilobed. Fruit generally a two- 
valved capsule containing numerous large flattened membranous- 
winged seeds; more rarely fleshy and indehiscent; endosperm 

ciDS61lt'. 


Tiees or shrubs, often climbers, with opposite-decussate 
generally compound exstipulate leaves, and showy flowers. 
Genera 110; species about o50; mainl^r tropical. 



Fio . 250. Crescentia Cujete (Calabash). A. Portion of woody stem bearing a young 
leaf-shoot and flowers. B. Flower in vertical section; staininode. C. Fruit. 
D. Seed. E. Embryo: the radicle is concealed by the auricles of the coty- 
ledon. A, B, nat. size; D, E, |- nat. size. G, further reduced. (G after 
K. Schumann; D, E after Miers.) 

They are' nearly all woody plants, and many are liaiies coiii- 
prising a large proportion of the climbers of the tropical American 
forests. The climbers include both twiners and root-climbers hui 
the great majority are tendril-climbers. The tendrils are at the 
ends of the leaves representing modifled leaflets; they are simple 
or branched and in some cases end in adhesive discs or in liooks, 
Their stems shew anomalous secondary thickening, Ihc^ wood 
being often more or less divided into wedge-shaped areas from the 
failure of the cambium to form wood in the intervening spaces, 
x\nother type, examples of w^hich are found in the Brazilian 
cainpos, shews a xeroph}dic habit with reduced stems. 
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CIrescenfta (iiiciiidiiig the Calabash), Jacarmida md , Cata^m 
include many fine trees; Catalpa big^ionioides isN^fteii grown 
in our parks and gardens. 

Tlie flowers are generally arranged, following the pliyllotaxy, 
ill opposite -decussate compound inflorescences, wdiicii are usually 
diciiasia passing into nionochasiai cymes ; both bracts and 
bracteoles are present. They are sometimes produced on the old 
wr)od (caiiliflory), as in the Calabash (fig. 250). The calyx shews 



Fip. 251, Fruit of Pithecoctenium niMricatumf x One valve has been removed 
exposing the other valve on which the membranous winged seeds are 
densely packed. Above is a single seed. 

considerable variation in form and structure and the manner of 
opening, the differences affording useful generic characters. The 
showy corolla is generally bell- or funnel-shaped, rarely two-lipped ; 
the posterior stamen is generally' present, as, a small filiform, 
staminode,(fig.,250, ,B, s). The- pollen is remarkably uniform, the. 
.grains being .spherical with three eqnatoriai bands in. w^hich the 
germ-pores are situated. A xmilocular ovary is found in Eccre- 
■rnocarpus and in the biit the latter include all stages 
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between imilocula.r and completely .bilocular. Tlie ovules are ' 
almost alwaj^^s anatropous with the micropyle d.irected, downwards; 

: the placentas in the unilocular ovaries are parietal, in the bilocular 
the numerous ovules are arranged in two' or more iwvs on the 
vertical septum. The shape of the capsule and, the method .of 
dehiscence afford the best characters for the distinction of genera; 
in the most frequent form the tw'o wmody valves separate siiiqiia- 
like from the septum on which the flattened winged,, seeds' are 
densely packed (fig. 251). 

The GresceMtieae are characterised ■ by an indehisceiit fruit, the 
frequently hard tough exocarp containing a jui,C3’' pulp in ■which 
the seeds are embedded. They are often large and goiird,-li.ke, as 
in the Calabash {Cresmitia Gujete) (fig. 250). 

The chief centre of distribution is found in tropical. South, 
America, especially Brazil. Gatalqja is common, to t.he east aii<l 
west hemispheres; G. bignonioides is a native of tlie .Eastern 
United States; two closely allied species are natives of Japan and 
North China, and two others occur in Cuba. The smail ucuus 
Campsis has a similar distribution with tw^o species in Noitli 
America and one in Japan; C. mdiccms (often known as Ttconia 
radicans), a native of Atlantic North America, is a. handsome 
root-climber. The chief distinction from the ScrophuiariacivK heh 
ill the structure of the fruit and the large often winged seed.s and 
absence of endosperm. They also differ in their habit and. geo- 
graphical distribution, being mainly tropical liaiies or trees. 

Family XAU. LENTIBULAEIACEAE 

Flow^ers bisexual, zygomorphic, wdth the formula So, P5, A2, 
G(2). Calyx often twm-li]3ped. Corolla twm-iipped, lower lip saccate 
or spurred; Stamens attached to the base of the corolla, anthers 
unilocular. Carpels forming a unilocular ovary wfith free-central 
placenta bearing numerous anatropous ovules somewhat siiiik in 
its tissue, or only two ovules; stigma sessile, twu)-lobed, %^ith the 
posterior lobe much reduced. Fruit a many -seeded capsule 
opening by twm to four valves or by a ring-like or irregular slit, 
or indehiscent and one-seeded; seeds generally small, wiThout 
endosperm ; embryo varying in form. 

Insectivorous herbs of very different habit, often aquatic or 
marsh-plants ; flowers solitarj^ or generally in a raceiue or spi.ke. 

Genera five; species about 250 ; tropical and temperate. 

About 200 of the ^ species are included, in Utrmda/ria, .a ge.iiiis 
' widely spread in the .tropical and temperate parts; of the, earth. 

, Many of its species are aquatic, as our native Bladderwort; these 
are submerged rootless water-plants .with fi,nely-divided leaves on 
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which are borne bladders. (hg. 252, F, G) ; the mouth of the bladder 
is closed by a. valve ( v), opening inwards in response to a stimulus 
conveyed b}" four sensory hairs- (^), and imfuediately closing 
again, thus forming a trap for small aquatic animals, the' pro- 
ducts of decay of which ■ are absorbed by hairs lining the 
wall of the bladder^. The flowers are borne o.!i long racemes 
projecting above the water; the flowering shoots are, some- 
times provided with inflated swimming leaves. Other species 
are laiid-plaiits, often growing among moss, with long runner-like 
shoots on which the bladders are borne; while others are epiphytic 
, (as U. montmia) and have a much-branched rhizome wdth tuber- 
iike thickening containing water-storing tissue. The terrestrial 
and epiphytic species have simple entire leaves. 

The embryo consists of a cell-mass bearing only a few ieaf- 
rudiments ; in germination it forms a rosette of bristie-like primary 
leaves, and there is no primary root. Goebel has shewn that the 
ordinary distinctions between stein and leaf do not hold in 
VtricMldrias precisely similar rudiments may form leaves, bladders 
or shoots. 

The other British gmnB,Phi{^ 2 iicula (Bntterwort), contains about 
30 species, chiefly northern extratropical. Their habit is veiy 
uniform; they are perennial herbs growling in damp places 
attached by true roots, often alpine, with a rosette of sim|)le 
entire leaves and one-flowered axillary leafless scapes. The upper 
surfaces of the leaf bear glandular hairs, the sticky secretion 
on w'hich, often aided by inrolling of the leaf-margins, captures 
small insects and renders soluble the proteid material of their 
bodies which is then absorbed. The embiyo has generally a single 
cotyledon. 

Genlisea, a tropical American and African genus, is a land-plant 
with densely crovxied rosettes of simple foliage-leaves and. peculiar 
pitcher-like leaves appressed to the soil; the lowe^st |>ortio.n of the 
leaf forms the pitcher, above which is a long tubular neck ending 
in a pair of twisted spreading limbs. The limbs are lined like the 
neck with bristles pointing tow^ards the pitcher, an entry to which 
is facilitated while an exit is prevented. 

Polypompholyx m db small genus occurring in tropical Australia 
and South America; the x^ants resemble the land forms of 
Utricularia/ Biomilaria (two species), a West Indian genus of 
small swimming water-plants, resembles Vtrimlaria in habit, .but 
is distinguished by the ovary containing only two ovules, which 
are united, and the one-seeded indehisceiit fruit. 

^ See Withycombe, C, L. ‘‘On the function of the Bladders in Ulriciihria 
vulgarise J o urn. Limn-, 8oc, {Bot,) XLyi, 4ni (1924:). 
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Polliiiatioii has been studied in European, species of UfneAdaria 
and -Pingmmda, which are entoniophilous. The broad lower lip of 
the flower gives a resting-place" for "the insect which, in probing 
for nectar in the spur,, comes first in contact with the stigma-lobe, 
w'hich in Utricularia is sensitive, closing on being touched. In 



Fig. 252. A-E. Utricularia ohtusa. A. Plant, | nat. size. B. Floral dia^riuoi. 
C. Flower, x 4; c, crest on the lip, behind which are seen the two antliers, ft, 
and the upper part of the pistil. B. Pistil, x 5. E, Fruit in vertical soetion, 
enlarged. F. Pitcherof U, intermedia in section, x 8; s, sensory hairs, r, 

G. Stellate hairs on inner surface of pitcher, much enlarged. *(B after Eic filer; 
F, G after Withy combe.) 

withdrawfliig its head the insect carries of! pollen from the anthers 
Cleistogamic flowers occur in species of 

Lentibulariaceae are most nearly .allied to Scrophiilariaceae,, 
which they .resemble .in the zj^gomorphic flower, the reduction 
in. the androeciiim, the median' position of the carpels and the 
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capsular fruit. They are distinguished by the umlociilar ovary 
with the free-central placeiitation. Their insectivorous habit is 
also distinctive. 

Family XVII. AGANTHACEAE 

Flo\vers bisexual, medianly z 3 ^gomorphic, hypogynous, con- 
forming to or derived from the formula So, P5, A5, G(2), 
Avith generally a reduction to 4 or 2 in the androecium. 
Calyx more or less deeplj’ 5-, sometimes 4- (rarely 3-) partite. 
Coroila' often bilabiate. Stamens Avhen four generally di- 
dynamous ; one or two staminodes often present ; anthers often 
spurred and hairy, the halves frequently inserted at different 
heights, dehiscence generally longitudhial; pollen very various 
m form; hjTogynous nectar-secretmg disc variously developed. 
Garpels median; ovary bilocular with 2 (rarely l)-oo ana- 
tropous or amphitropous ovules in the middle line of the 
septum; style simple, generally long; stigma shortly tw'o- 
lobed, the posterior lobe often reduced. Fruit a loculicidal 
capsule (rai’ety a drupe) with generally 4- x seeds sxipported 
on a development (often hook-like) of the funicle (retin- 
aculum or jaculator) ; endosperm absent (except in the small 
sixbfamily Xelsonioideae). 

Herbs or shrubs, more rarely trees, w ith opposite-decussate 
exstipulat® leaves and cymose or racemose inflorescence. 
Cystoliths are often present in the epidermis or parenchyma 
of the stems and leaves. 

Genera 220; species over 2000; in the wanner parts of the 
world. 

Acanthaceae are mostly inliabitants of tropical to sub- 
tropical forests, growing especially in damp or marshy places. 
Some are however xerophy tic, as Barleria, Blepitaris, ov 
Acanthus, the leaves and bracts of w^hich are often more or 
less spiny- Climbing plants are represented bj^ Mendoncia, 
Thimbergia and allies, the stems of which also shew abnormal 
secondary thickening. Arborescent species are rare. 

In the usual mesophji;ic type the leaves are thin and 
delicate with entire margin, while in the xerophytes the 
lamina is Hiore or less reduced and spiny. The cystoliths are 
a very characteristic feature, absent onty in a few groups of 



AOAKTHACBAE 


545 



genera; .they are found generally in the 'epidermal cells of tlie 
leaf and, stem and their form is. characteristic of single, genera 
or tribes* 

The .most,. frequent type of inflorescence is the cymose^ 
namely dichasial passing into monochasiai in the higher 
branching; it is often in the form of short axillary clusters*. 
Spicate and racemose inflorescences are also frequent* Bracts, 
and bracteoles are generally well developed and c^fteii brigh tly 
coloured, adding to the attractiveness of the inflorescence.. 



Fig. 253. Acanthus mollis, A. Flower, side view, x f ; 5, bract; s, posterior sepal; 
Z, lateral sepal; c, corolla. B. Flower opened out, three petals form the lower 
lip, the upper lip is absent. C. One pair of stamens. I). A pollen-grain, 
X 450. E. Ovary in longitudinal section, x 2|. F. Capsule sliewing the two 
valves ; the jaeulator. G. Seed in longitudinal section. H. Seed in trans- 
verse section. (After Lindaii, except F.) 

In the Mendoncioideae and Thunbergioideae the bracteoles 
are large, forming an involucre round the tube of the flower. 

The structure of the flower is very uniform* In Thwnbergia 
the calyx is often reduced to a narrow seam, its protective 
function being transferred to the large bracteoles. The corolla 
has a longer or shorter often slender tube which passes 
above into an .ahnost equally five-lobed limb, as in Tlmnljergia, 
the large genus Bmllia and many other genera, or the limb 
is., .more . or less deeply .two-lipped* The upper lip is generally 

35. 
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■straight, and erect and bifid .at the apex, but is completely 
absent in Acmitlms and allied genera, the corolla , being cut 
away almost to the base of the tube (fig. 253, .B). T,Iie lower 
...lip is sometimes mlled up.bnt generally more or less, .liori- 
zoiit.al, forming a platfo,rm, for insect-visitors, aiicitliree-lobed; 
the inner side, of the lip is often more or less densely .hairy, 
the hairs often extending to the mouth of the corolla. The 
subfamily Acantlioideae, which includes the great majority 
of the genera, is subdivided according to the aestivation of 
the corolla into the Oontortae w.here the lobes are contorted, 
and the Imbricatae where they are imbricate. 

There are rarely five fertile stamens, as in the small 
Brazilian genus Pentstemonacanihiis; more often there are 
four, didynamous, while in the Imbricatae there art^ generally 



FlO. 254. Aaysiasku A. Flower in vertical section, x 2. B. Fruit open, shewing 
the two seeds in each val\'e, nat size. C. A seed witii, its jaeulator, x 3. 
(After Lindau.) 

two. The posterior stamens are the first to be reduced to 
staminodes or to disappear completely; 'Brillantaisia m ex- 
ceptional in that the anterior pair are staniinodial. The fila- 
ments are generally quite free and project from the mouth 
of the flower ; in Tlmnbergia, stamens are short and in- 
cluded in the tube. The anthers shew great variety in form 
and position in different genera; they are two- or one-celled * 
ill the latter case a rudiment of the second cell may be 
present. In the two-celled, the cells are equal and approxi- 
mated at the same level, or more or less separated by a 
development, of the connective, when they are often different., 
ill size and at different levels ; the lower is o,ften spurred. The. 
form and sculpturing of the pollen-grains, sluw a reniarkable. 
diversity and afford useful characters for generic distinction,., ., 
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The ovary is more or less elongated and'passes above into 
a long narrow style which projects from the mouth of the 
flower, ending in two small variously-shaped stigmas; 'the 
posterior stigma is often reduced. The species are generally 
markedly proterandrous. 

Except in the small subfamily Mendoncioideae, where it is 
a one-' or two-seeded drupe, the fruit is . always a bilocular 
capsule splitting loculicidally to the base and bearing 2-10 
seeds, arranged in a double row, on each valve. In the small 
subfamily Nelsonioideae the seeds are small and numerous. 
In the latter and in the subfamily Thunbergioideae the 
f unicle is enlarged to form a papilla below the hilum and the 
seeds are spherical; the efficient seed-ejecting mechanism of 
the Acanthoideae is absent but the pointed tips of the capsule- 
valves, as in Nelsonia, may be effective in clinging to an 
animaFs fur and causing the small seeds to be jerked out. 

Ill the Acanthoideae the funicle forms a hook-like pro- 
jection, the jaculator, in wffiich the seed rests; the woody 
capsule opens elastically;, the two valves separating to the 
base and springing backwards, causing at the same time an 
oscillation of the longer or shorter stiff stalk. As a result the 
seeds are thrown out, the jaculator, wdiich is usually slightly 
twisted to the side, directing the flat lens-shaped seeds in a 
lateral direction so that the seeds from the four rows are 
sent cross-wise in four directions. In the section Contortae, 
where the capsule is only shortly stalked and the distributing 
mechanism therefore less effective, special adaptations of the 
seed-coat occur, as, for instance, in the form of closely lying 
toothed scales which become erect and mucilaginous when 
damp, thus readily clinging to a suitable object (as m Cros- 
sanclra), or more generally there is a covering of long iiiii- 
celliilar hairs which when dry lie close and form a smooth 
coat but when wetted stand up and become mucilagmoiis ; 
these occur also in Nelsonia, where they are barbed at the 
tip. 

Though mainly tropical, the family spreads beyond the 
tropics in most parts of the world. Thus in the Mediterranean 
region and South Europe, several species , of occur 

as steppe and desert plants.. ' Similarly it is represented in the 
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Bontherii United , StateSj extratropical Australia, South 
Africa, China and Japan. .■ 

Many genera are favourite' ornamental, iiiainly greenhouse 
or hothouse plants, by reason of their brightly coloured 
flowers, which are sometimes large or massed in conspicuous 
inflorescences in which the bracts may also play an, attractive 
part, or ■ their variegated spiny leaves. Among these are 
Barkria, BuelUa, Justicia, Jacobinia^ Tkimbergki (climbing) 
and others. 


Order 5. PLANTAGINALES 
Family PLANT AGINACEAE 

Flowers generally bisexual, regular, conforming to the formula 
S4, P4, A4, G(2) ; ovary four- to one-chambered ; ovules several to 
one on a central placenta, anatropous. Fruit a transversely 
dehiscing capsule or a nut. Embryo straight, surrounded by 
fleshy endosperm. 

Generally heihs, sometimes shrubby with woody stems; leaves 
generally alternate and narrow. Flowers small, orow’’ded in heads 
or spikes on axiiJary scapes. 

The faniil3^ contains the genus Plant ago ^ with 200 species, 
world-wide but mainly in the temj)erate zones; LitoreUay two 
species, Europe and Antarctic, and the monotypic genus Botigtieria 
on the high Andes. 

The British species of Plantago (Plantain) are sinail herbs with 
radical generaiiy narrow leaves and parallel nerves, and this 
habit is the most general one, though erect branched sometimes 
woody species also occur. They are often xeroph^dic, inhabiting 
dry w^aste places, or maritime or alpine localities. Each flower 
stands in the axil of a bract; bracteoles are absent and the four 
teeth of the tubular calyx are placed diagonally. The membranous 
corolla has a four-toothed limb; the stamens have large versatile 
anthers containing smooth dry pollen, and long slender variously- 
coloured filaments projecting from the mouth of the corolla. The 
ovary is generally two-celled, or four-celled through development 
of false septa; the filiform style bears stigmatie hairs. 

Pollination is generally effected bjwvind. The flow^ers are protero- 
gynous ; the somewhat feathery stigmas project from the unopened 
flower but remain receptive while the stamens mature so that 
self-polJination is possible. The upper flow^ers in the female stage 
m^y be pollinated by pollen from the lower more advanced fiow^ers 
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on the same spike (fig. 255, B). Departures occur from, the normal 
type .of flower; female (or more rarely male) as well 'as bisexiia! 
flowers are found sometimes, either on the same or different plants, 
and dimorphic flowers have also been observed. Indications of 
entomophily are associated with these* The spikes are , rendered 
more or less conspicuous by the colour of the filaments, espeoially 
in P. media, where they are violet and the flower has a sweet 
scent and attracts bees in addition to the flies which occasionally 



Fig. 255. Plantago major. A. Plant, the u}3per r)ortion of the four longer spikes 
cut off, X J. B. Portion of spike, x 3; the upper flowers in the female con- 
dition, the lower (older) in the male. G,I). Flowers in the two siieeessive states 
further enlarged, in D in vertical section, x 8. E. Fruit with circuniscisaile 
dehiscence, x 8. F, Fruit cut across. G. Seed cut longitudinally, x 12. 

visit .'this and other species. In this species H* Muller distin- 
guished an anemophilous and an entomophiloiis form, the latter 
having shorter, scapes, shorter, reddish filaments, more adhesive, 
pollen and only slightly x3roJecting stigmas. P. knceotea (Rib- 
wort) is .also \fisited' by the honey-bee, -which renders the pollen 
adhesive , by , |)ouring, honey upon it; .Delpino distinguishes a 
'dwarf entomophiious ^ mountain ' form with short spikes . and 
stamens. 
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Litorella is a small creeping perennial lierb growing on edges of' 
lakes and ponds, with tufts of. padicai awl-shaped leaves and 
iinisexual flow^ers in groups of three, a stalked male -with versatile 
an tilers on long .filaments, and on either sid,e a sessile female with 
a. long feathery style,; the female mature earlier. The fruit is a 
one-seeded nut. Submerged plants do not flower .but spread by , 
means of long runners. L, nniflom occurs in North and Central 
Europe (British); a second species is a native of A,iitarctic .South, 
America. 

Plautaginaceae are an anomalous family of doubtful affinit}?'. , 
They are probably reduced from a sympetalous group with 
entomopliilous fioivers and are perhaps placed most naturally 
near Tubiflorae — the position generally assigned to them in recent 
systems of classification. 


{h) Inferae 

Flowers tetracyclic with inferior ovary ; generally regular 
with isomerous stamens but with an increasing tendency to 
zygoniorphy of the flow^er in the order Rubiales (compare 
especially Caprifoliaceae, and Valerianaceae, and also the 
subfamily Lobelioideae of Campanulaceae in the order 
Campaniilales) ; also with a development of zygoniorphy 
associated with the aggregation of the flowers in heads, the 
outer series of flowers of which tend to become zygomorphic. 
There is an increasing tendency in both orders to reduction 
of the number of carpels and ovules culminating in an uni- 
locular ovary with a single ovule, and also to reduction or 
late development of the calyx, which in the most advanced 
families becomes merely an organ for dissemination of the 
dry one-seeded fruit. 

Tw^o orders, Rubiales and Campanulales. 

Order!, RUBIALES 

Flowers t55pically bisexual, regular to zygomorphic, tetra- 
nierous or pentaiiierous ; stamens generally ■ equal in number 
to the corolla-lobes, sometimes few^er; carpels generally few^er. 
.,Ovary inferior, rarely half -inferior, one- to several-chaiiibered 
.'with' GO' “1 anatropous ovules. . 

Woody plants or herbs ■ 'with opposite generally simple 
leaves, and usually cymose inflorescences. 
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The group is a natiiral one and the families illustrate a 
gradual reduction in the number of parts of the flower 
associated with an increasing tendency to zygomorphy in 
adaptation to insect-pollination. Rubiaceae and Caprifoli- 
aceae are mainly woody plants, but the herbaceous develop- 
inent is indicated, especially in the former, the plants of- 
which include a wide range of habit. In Valerianaceae and 
Dipsacaceae the herbaceous habit prevails. The infloreseeiice 
is typically' cymose, and may be derived from a dicliasiiim 
which in its higher branches passes into monochasia. In 
Rubiaceae, Caprifoliaceae and Valerianaceae there is a 
tendency to attain conspicuousness by aggregation of tlie 
flowers, sometimes even into dense heads; this tendency 
reaches an extreme development in Dipsacaceae, where? the 
compact head is subtended by an involucre of bracts and the 
outer flowers may become enlarged and less regular, suggesting 
the ray-florets of Conipositae. Associated with the aggrega- 
tion of the florets is the loss of the protective function of the 
calyx and its development as a means of distribution of the 
fruit, the pappus of many Valerianaceae being homologous 
with that of Conipositae. 

The flower in Rubiaceae is, with rare exceptions, regular 
and the stamens are isomerous with the corolla; Caprifoliaceae 
include both regular and medianly zygomorphic types; the 
androecium is generally isomerous, very rarely is the posterior 
stamen reduced or suppressed. In Valerianaceae zygomorphy 
of the flower is a striking character and is associated with 
progressive suppression of the stamens, which are never iso- 
meroiis. The flow^er of Dipsacaceae is medianly zygomorphic 
and the suppression of the posterior stamen has become a 
fixed character. 

The gynoeciiim in Rubiaceae is in the great majority of 
genera bicarpellary, but varies to isomery with the corolla ; 
the number of ovules is also very variable, from many to one 
in each chamber ; a similar range of variation occurs in Capri- 
foliaceae, but the most general number of carpek, in this 
family is three; in Caprifoliaceae there is a ■ tendency to . the 
degradation .of all but one of the ovary-chambers,, .resuming, 
ill the dev.elo.pment of a few^-. or one- seeded fruit. This 
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tendency has become accentuated in 1'* alerianaceae wIicto the 
gyiioeciiini is typically three-carpeilary, but only one chamber 
is fertile and 'contains' a '>solitary- ovule; the various genera 
shew, a progressive series in the degree of abortion of the 
two sterile chambers. In Dipsacaceae the ovary is unilocular 
and one-oviiled and there is no trace i'li the clevelojoed flower 
of a second carpel except in the occasional forking of the 
stigma. 

.The origin of the Rubiales may be sought among the epi- 
gynous tetracyclic Dialypetalae. They may be regarded as a 
sympetalous development of a stock allied to IJiiibelliflorae 
which shew considerable resemblance to Rubiales in their 
.tetraiiierons to pentainerous tetracyclic epigyiioiis flowers, 
more or less suppression of the calyx, the fleshy disc crowning 
the ovary, the anatropous ovules vnth a single integument 
and the embryo surrounded vitli endosperm. The resemblance 
between some genera of Riibiaceae (e.g. Knoxia) and Capri- 
foliaceae (e.g. VibnxTmm) on the one hand and of Cornaceae 
on the other is very close, there being little beyond the poly- 
petaloiis character of the latter to distingiiisli them. , 

■ Family I. RUBIACEAE 

Flowers bisexual (rarely unisexual), regular (rarely zygo- 
morphic), 5- to 4-merous, with isomeroiis stamens anti 
generally fewer, usually two, carpels. Fal\'x-segmeuts gener- 
ally open ill aestivation, sonietimes one or more enlarged. 
Corolla generally funnel-shaped, hypoerateriform or rotate; 
segments with valvate, . imbricate or contorted aestivation. 
Stamens inserted on the corolla-tube; anthers introrse, two- 
celled, with longitudinal dehiscence. Ovary croiviied by a 
mo,re or less, developed fleshy disc, very .rarely semi-inferior, 
one- to several-, usually .tw'o-chambered, with oo. - 1 anatropous 
ovules in each chamber,; style filiform, sometimes bifid. or 
.nniltifid. Fruit a capsule,’ berry or drupe. Seeds vitli a 
straight, more rarely curved, embryo, generally in the .base 
or a.xis of a fleshy, cartilaginous or horny endosperm. 

or trees or sometimes ■ .herbs, with opposite or 
itire leaves and interpetiolar or intrapetiolar, some-' 


RUBIACEAE 


553 


I times foliaceous stipules,.' Flowers 'usually' in decusvsate 

panicles, or cymes, sometimes aggregated into heads. 

Genera 380; species about- 4600; mainly in the wariiier 
parts of the earth but extending into the temperate and even 
represented, in the frigid zones. 

The plants shew much diversity in habit. The great majority 
are tropical trees and shrubs; herbaceous forms thoiigli not 
uncommon are mainly confined to certain tribes, but the 
Galieae, the somewhat anomalous tribe to which our British 
representatives belong, are almost exclusively herbaceous. 
The tendency to the production of herbaceous forms is how- 
ever widespread, as herbaceous genera occur in tribes which 
are typically woody, such as Bouvardia in the tribe Ghi- 
choneae. The climbing habit is represented by herbaceous or 
shrubby twiners, such as Manettia, or hook-*climbers, as 
Uncaria, Manes cMmbing by means of branches which are 
converted into stiff woody hooks, or scramblers, such as our 
native Cleavers {Galimn Apanne), which cling to surrounding 
vegetation by stiff recurving hairs. Epiphytes occur, as, for 
instance, in a group of Malayan genera {Myrmecodia^ etc.), 
small shrubby plants with a tuber-like stem developed from 
the swollen hypocotyl which is permeated by irregular galleries 
in which ants make a home. The exact relation of ants to plant 
is not clear, as the characteristic hollowed tuber is developed 
w^hen the plants are growni from seedlings to which ants have 
^ no access. Swollen hollow internodes inhabited by ants occur 

just beneath the inflorescence in species of Naudea, Dwoia/ 
and others; the position suggests that the ants protect the 
flowers from undesirable visitors. Species of Duroia and 
^ Bemijia have flask-shaped swellings on the leaf -base wliicli 

are regularly inhabited by ants. 

\ The stipules stand either at the side of each leaf-base and 

thus Me betAveen the leaves (interpetiolar), or in front of the 
leaf -base between stalk and axis (intrapetiolar). They are 
' sometimes united with each other and the leaf -stalk forming 

a sheath. In some genera of the tribe Gardemeas they form 
J a conical cap protecting the apex of the. stem, and are tliroAvii 

’ / off with the growth of the bud. They vary mim^ -^orm and 
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are soiiietiiiies split into bristle-like structures (as in Penim)y 
each ■of which ends in a resin-secreting gland; the base of the 
stipules {Coffea, Gmxlmieae, etc.) may bear slender glands, 
the copious excretion from which often covers the }?-oiiiiger 
parts of the shoot. Most noteworthy are the characteristic 
stipules of the Galieae which are leaf -like, the stem apparently 
bearing whorls of leaves at the nodes; the stipules .are 
generally distinguished by the absence of buds from the axils, 
though "‘stipular shoots’' have been demonstrated in GaUtm/ 
(an occurrence with which we may compare the development 
of spines in the axil of the small stipules in Dmmiacmitlms) ; 
there may be one or several between the true leaves; this 
variation in number is explained by imion or splitting in 
various degrees of the normal pair belonging to each leaf. 

Solitary teniiinal flowers occur in genera which have large 
white or bright-coloured flowers, as in Gardenia^ Bamdia and 
others; this is often associated with a pair of lateral flowers 
forming a dicliasiimi. Generally the inflorescence may be 
referred to a dichasial type or consists of decussate panicles. 
Conspicuousness is attained in the tribe Namleae by aggrega- 
tion of the small-flowered dichasia into dense globose heads. 
In these heads the infeiior ovaries of the flowers are often 
completely united, as in Sarcocephahis, and a similar aggrega- 
tion occurs in other cases, as in Ilormda, and in the union 
of two flowers of a pair Avhich may extend so far that the 
two have a common calyx, as in the Australian Poniax. 

A different method of increasing the attractiveness of the 
infloresceiice is more or less characteristic of certain genera 
{Mussaenda, Warscetviczia and others)— in one. or more 
flow'ers of the inflorescence one or rarely more of the calyx- 
segments become leaf -like and white or brightly coloured; 
the parts affected are the one or tw-o anterior segments of 
the flowers on the first lateral branches and the phenomenon 
recalls the enlargement of the miter petals on the outer 
flbwers of the umbel in certain XMbelliferae (e.g., Heradeum)' 
aikl the characteristic development of ray-florets in .the 
Coinpositae. In other cases enlargement of the sepals occurs 
only N, after fertilisation and serves as a means of distribution 
of theSiruit, as in Alberta^ Nmiatostylis and others. 
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Tlie aestivation of the corolla supplies characters for dis* 
tinctioii of tribes ; Jiiost general are the valvatc and contorted. 
Zygoniorphy occurs in some genera, the flower tending to 
become bilabiate, as in Henriquezia (Amazon province). ThC' 
stamens are generally inserted at or near the throat of the 
corolla, more rarely at its base when they are sometiines 
united below,- or throughout their length; the anthers usually 
dehisce by longitudinal slits, though sometimes by apical 



in vertical section, x 2|-. 0. Fruit. JD. Seed. E. Seed after removal of 
parchment-like testa. F. Horny endosperm cut across. G. Seed cut oj}e!i 
to shew embryo lying towards the base of the endosperm; the radicle is 
inferior. C-Gx2. (A, B after Bentley and Trimen.) 

pores, as, for instance, when the filaments are united. Hetero- 
styled flowers with stamens of different length occur (OMe??- 
landia and others). In zygomorpMc - corollas..- the stamens 
may be of unequal length and bent. 

.. Exceptions to the completely inferior ovary occur certain 
genera, as the Australian Syimptantha, w,bere it is, half -inferior., 
and in' /Gmrt7iera (tropical Africa, and India) and Pagamm- 
.(Brazil, Guiana), where it 'is superior. In most cases, the 
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ovary is chainbered, but Gardenia has a unilocular ovary 
with two to many parietal placentas. The development 
of the placenta is very varied. Most frequently it forms 
a thickening on the median septum or in the inner angle 
of the loculus (as m Cinchona, fig. 257, B) ; this may 



Fio. 257. Cmdioyia calisaya. A. Flowering slioot, slightly reduced. B. Flower 
in vertical section, x 2|. C. Fruit opening septicidaily from below, x nearly 2. 
B. Winged seed, x 5. E. Seed (without wing) opened to she^v embryo 
surrounded by endosperm, X 13. 

broaden to become T-shaped in transverse section,, and the 
arms may further become inrolled, bearing ovules on ^ the 
outer or both faces;' peltate or . stalked' spherical ' placentas 
also occur, as in 'the Olienlandime. The ovules. are sometimes 
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sunk in a fleshy development of the fimicle, as ill the one* 

ovuled chambers of Pavetta, etc. 

^ TJiiisexual flowers' (fig. 258) are obviously reduced from 
bisexual forms ; generally rudiments ■ of the non-functional 
members persist, the male flowers having a style but no ovary 
and the female having stamens the anthers of which contain, 
no pollen-grains; occasionally in dioecious species, as in Antho- 
sperw/um, no trace of the other sex remains. Often the niale^ 
and female inflorescences are remarkably different, the. male 
flowers being usually crowded together while the female are 
solitary and terminal. 



]?IG. 258. Flowers of Coprosma, A genus mth about 60 species, chiefly New 

Zealand, with small inconspicuous dioecious flowers. A male, B female. 

Enlarged. (After Le Maout and Decaisne.) 

Pollination by insect-agency is indicated in some cases by the 
large long-tubed white or bright-coloured flowers, in others by 
the aggregation of smaller flowers into conspicuous inflorescences ; 
also by the general development of the epigynous nectar-secreting 
disc in the form of a cushion, ring or cup, and the widespread 
occurrence of heterostyly. In our native Galieae the small 
flowers are more or less proterandrous ; as the flower opens the 
stamens rise up, shed their pollen and bend outwards before the 
two stigmatic style-arms become separated (see fig. 259, A) ; the 
scanty nectar is sipped by small short-tongued insects which carry 
.the poUeii in passing from flower to flower. ^ The ionger-tiibed 
flowers of As2Mrula contain more nectar and are visited, by larger 
insects which in . withdrawing the proboscis .after '.probing the 
flower remove the pollen from the anthers converging romid 
the mouth of the tube; in visiting a second flower some of the 
poiieii is deposited on the stigmas which stand close together in 
the ■. tube below:, the anthers and mature simultaneously with the 
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stameris. In .absence of insect-yisitors seif-polliiiati€> 2 i OGciirs.b}?* 
pollen failing on to tiie stigmas. 

Tlie strongly zygomorphic flowers of Posoqueria .{tropical 
'Aiiierica) have an explosive mechanism comparable with that of, 
some Papilionaceous plants; the j>oilen is dehisced, into a chamber 
formed by the close , approximation of the anthers w.hich are in a 
state of tension whe.n the flower opens ; the touch of the insect’s 
proboscis frees the. tension and the pollen is scattered in a cloud 
over its, body. The long tubular flowers of the American Mmieitia 
are visited by liumiiiing-birds. 

The fruit sheAvs important differences affording useful 
characters for the subdivision of the family. ■ It is dry or 
fleshy, in the former case ' generally dehiscing either septi- 
cidally (fig. 257, C) or loculicidally, or being iiideliiscent, 



Fic. 259. Eifbla thuiorffm. A. Flower in median vertical section; the stigmas 
have not yet separated; d, nectar-secreting disc. B. Fruit in siniiiai* section, 
shewing the eiir\aHi embryo, surrounded by endosperm, in tlie seed. En- 
larged, (After Baillon.) 

sometimes separating into one~seeded portio,ns. BTeshy fruits 
are generally indehiscent. The calyx-limbs are often per- 
sistent and sometimes become enlarged and aid in distribution. 
Sticky fruits, due to the presence of small stiff recurving hairs, 
occur in the Galieae and some members of the Anflimpermme: 
the stem and leaves are often also provided with similar 
hairs so that portions of the plant bearing fruits are broken 
off and carried away. Meshy fruits are distributed by aid 
..of animals. 

The seeds are generally small;, in dry fruits they are some- 
times more or less .winged, especially in the tribe Cinckonem 
(fig., 257, D)., Henriquezia is exceptional in .having '.a large 
.t'Wo-valved woody capsule containing a few (four in each 
valve) . large winged seeds recalling the fruit and, .seeds of 
Bignoniaceae, a resemblance. which is further borne out by 
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tlie open two-lipped flower. The -straight, more rarely curved 
(as ill Rubia, fig. 259) embryo lies in a more or less abundant 
fleshy, rarely cartilaginous (as in C off ea, fig. 256, P) endo- 
sperm, the flat cotyledons lying face to face. In some mem- 
bers of the tribe OnefMrdeae there is no endosperm* 

The great majority of the species are tropical. The tribes 
Galieae, AnthoS‘peT7neae and Oldenlandieae, which are remarkable 
for the prevalence of the herbaceous habit, pass into the temperate 
zone in which man}- of the genera are specially developed. Sjiecies 
of dVilkm reach the Arctic zone or high elevations on tropical 
iiioimtain ranges. The genus Nertera, which consists of small low- 
growing herbs, spreads along the Andes from northern South 
America to the Strait of Magellan, and occurs also in Tristan 
d’Aciiiiha, New Zealand, Australia, the Sandwich Islands and on 
the mountains of the Malay Archipelago. The allied genus (Jo- 
prosma has also a similarly mde distribution in the south tem- 
perate and antarctic area. GiieWarda speciom is a widely-distrilnited 
strand-plant occurring round the Indian Ocean from Africa to 
Malacca, also in the Malay Arcliixaelago, North Australia and the 
Polynesian Islands, 

The family contains a large number of nionotyj>ic geiiera 
estimated by K. Schumann as nearty half the total number, but, 
on the other hand, there are several very large genera, such as 
Galium (300 species), Oldenland/ia (200 sx)ecies), Psychotria (500 
s|)ecies) and others. 

Two subfamilies are recognised, differing in the number of 
ovules in each carpel. They are subdivided by Schumann, in the 
Pflauzenfamilien, into twenty-one tribes as follows. 

Subfamily I. Cinchonoideae. Carpels with numerous (rarely 

few) ovules. 

A. Fruit dry. 

(a) Flowers solitary or in decussate panicles or cymose. 

Condamineae. Woody plants with showy regular flowers, 
corolla-segments valvate in bud; ovules placed horizontally. 
Mainly tro|)ical American. 

Oldenlandieae. Mainly herbs with small regular flow^ers, valvate 
corolla-segments and vertically-placed ovules. Widely dis- 
' tributed, mainly tropical. Oldenlwndm has inore tliaii, 2(10 
s^iecies. 

Rondeletieae. Generally trees or shrubs with regular flowers; 

■ corolla-segments : imbricate., or contorted. Maiiibv tropical 
American, a. .few tropical Asiatic. ’ jRoBtfeklia, 60 sj^ecies, 
tropical America., . 
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. Hemiqneziem,, Large trees with shoAV}^ generally zygoinorplilc 
flowers aad large woody capsules with a fc’w flat winged 
, seeds . A few" species In tropical South America.' 

Cmdionem. Trees or shrubs with , generally regular flowers. 
Ovules ascending; seeds mimeroiis, ’winged. Tropics, mainly 
New" "World. Oinehona, about 40 species in the Andes of 
South America; the bark of several species, now" wideh? culti- 
vated in the tropics, is rich in the alkaloid quinine. Bouvcirdm^ 

■ 30 species, Centra! America; several are growm as decorative 
plants. 

(h) Flowers crowded in heads. 

Ncmcleae. Trees or shrubs, sometimes twiners or hook-climbers 
(Uncaria) with regular flow^ers. Tropics, mainly of the Old 
World. 

B. Fruit fleshy, 

Mussaencleae, Trees or shrubs, more rarely herbs. One calyx- 
segment is sometimes enlarged and showy. Corolla-segments 
valvate in bud. Tropics, more numerous in the Old World. 
A few are epiphytic. 

Gardemeae, Shrubs or trees. Corolla-segments contorted, rarely 
imbricate. Tropics. Eandia (150 species). Gardenia (lOO 
species, Old World tropics); G.florida, a native of China, is 
widely cultivated in hot-houses for its strongly scented 
flowers. 


Subfamily II. Coffeoideae. Carpels with a solitary ovule. 


A. Ovule pendidous ivlth micropyle directed tipuxmis; radicle superior, 

Vanyuerieae, Vangueria, 50 species, mainly tropical Africa; 

,F. ed'uUs is cultivated in the tropics for its edible fruit. • 
Alberteae. Knoxime. OueUardeae* CMococcme, 

B. Ovule ascmding, micropi/le directed downwards ; radicle inferior 
(fig. 256, G). 


(a) Corolla-segments contorted. 

Ixoreae, Tropical trees and shrubs with regular flow^ers. Goffea, 

' 28 species in the Old World, mainl}^ Africa. 0. arabica (fig. 256),, 

. the original cofiee-f^lant, a shrub, native in Ab^rssiiiia and east 
tropical Africa, is widely cultivated in the tropics of both 
. hemispheres. Liberian coffee is obtained imm .Ciliberica, 

, native in .west .troj)icaI Africa; this species has shewm iiselL, 
.niore resistant to the attacks of, the disease caused by a 
.■ .parasitic fungus, Hemilem vmtatrix, Lvora (1,50 species) ; , 
J./errm, Iron-wood, yields a very hard wood. 
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(b) Coroiia-seginents valvate. 
a. Ovules attached at the base of tlie ovary. 

■ Psychotneae, Generally 'shrubs or trees with bisexual flow.ers, 
Psychotria, 500 species in ,the tropics of both worlds, and 
other large tropical genera. Uragoga ipecacuanha is a herb, the 
branching closely knotted root of which yields the \reli-kiiowii 
drug, HtjdnopJiytum and Myrmecodia (tropical Asia to 

' Australia) are ant-inhabited epiphytic shrubs. Paederiae, 
mainljv Asiatic. 

Anfhos'jyermeae. Shrubs, undershrubs or herbs, with poly- 
gamous or dioecious flowers. Several genera are tem- 
perate, others reach the antarctic area, such as Nertera 
{N. depressa is a small low^-growing herb cultivated for its red 
fruit), and Goprosma (fig. 258). Coussareae^ niainly Brazilian. 
jS. Ovules attached to the septum. 

Mofindeae, Trees and shrubs. Spermacoceae. Hru'bs and s,oia.ll 
shrubs. 

Galieae, Herbs with leafy stipules. Includes several north 
temperate genera — Sheranlia (British); CrucianeUa; Asperula 
(80 species, a few in India and Australia); A, odorata (Wood- 
ruff) is British, rich in coumarin. Galkmi (British) has 
300 species, and occurs in all parts of the world except 
Australia. Eubia tinctorum (Madder) (fig. 259) and other 
species contain alizarin and purpurin in the root and, before 
the introduction of aniline dyes, w^ere widely cultivated. 

Bubiaceae are very closely allied to Caprifoliaceae and the tw o 
families were combined by Baillon ; the absence of stipules is not 
a universal distinction and it is impossible to cite an^^ single dis- 
tinctive character either floral or vegetative of universal applica- 
tion. In practice, however, there is no difficulty in distinguishing 
the two ; thus Sambucus, in which stipules are present, is dis- 
tinguished from Rubiaceae by its pinnately compound leaves. As 
indicated under the order, Caprifoliaceae may be regarded as a 
distinct group of genera in which the tendency to zygoinorphy 
already foreshadow^ed in Rubiaceae becomes definitely work eel 
out; in Caprifoliaceae also the pistil is generally tricarpeihn\>’, and 
there is an indication in some genera of the suppression of carpels 
and ovules ’which has become a constant character in the juor(3 
advanced families of the order. The few^ genera of Riiln'aceae in 
which valvate aestivation of the corolla is combined with a hi- 
carpellary ovary wdth a single pendulous ovule in each chamber 
(e.g. Knoxia, Pentanisia) approach Cornaceae, w^hich however are 
distinguished by polj^petaly and absence of stipules. On the other 
hand, genera ' with many-ovuled ceils suggest an afhiiity with 
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Logaiiiaceae which hav^e' opposite stipiihite h‘a-\'es and regular 
isosteiiioBOiiB sympetalous flowersj but k at oih/o flistiiigiiisheri, 
apart from anatomical characters, by a superior rnuiry, lliis 
strong reseinblauce has led some botanists, tor lnstaiu‘e Whirmliig, 
to regard the order as an epigyiioiis contimiariou of ti)(‘ Coiitortae. 
A remarkable resemblance to the ' Biguoulaceae Is shown in the 
sinall tribe Heuriquezieae, with a- more oi* less zygomorpliie 
corolla, semi-inferior ovary and large wood\’ two-\'alvef! capsules 
eoiitiriiiiiig \Miiged seeds. 

Family II. CAPRIFOLIACEAE , 

' Flow'ers bisexual, regular or zygomorphie, generally peiita- 
iiieroiis with often reduction in the number of the carpels 
.(2-5), Calyx and corolla prese,iit' with parts united. Calyx 
.generally small, and fiwe-toothed or lobed. Stamens inserted 
on the corolla-tii'be, with generally introrse anthers. Ovary 
inferior, one- to five-chambered, with one to inaiiy pendulous 
.ovules. in the inner angle of each chamber. Styles free or, 
united. Fruit a berry or a one- to several-stoned drupe; a 
capsule ill Di&viUa. Seeds, with a fleshy enrh)sperm 'and 
generally small straiglit eiubryo. 

Generally w’oody plants witli decussate iisiialiy exstipulate 
leaves and cy,rnose often showy flowers. 

Genera 11; species about 340; mainly north temperate. 

The s,hrubby habit is tlie most eominon; exam|.)les of this 
are seen in Sambueus, as S, nigra (Elder), ViimrruDn, as \\ 
Lantana (Wayfaring tree) and F. Opnlu^ (Guelder-rose), V. 
Tirms (Lauriistiiius), Sgjnphoricarpus^ (Siiowberry), DierviUa 
( WeigeUa); Limiaea iorea/M is a low’-gr(>wing siender creeping 
evergreen shrub, native of the colder parts of the north tem- 
perate zone. Ciinibing shrubs characterise the section Oa'pri- 
folium of Lonicera {Honeysuckles), . Herbs a,re rare .but are 
represented by Samhucm Ebiilus { Banewort ) and the small 
, geims. Triostezim. The leaves are.generallj" e,ntire, sometimes 
lobed, as ill the Gueldeimmse ; ■ is exceptional , in 

having pinnate leaves. The opposite leaves of a pair may 
unite, embracing, the stem, as in species of Lonicera. Though 
the family is generallyicontrasted' with Rubiaceae as being 
exssi^ipulate, stipules iiot inf recpiently oceu as in species of 
Safribums — wiiere there are .sometimes more than four side 
\ 
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By side at the node— and in. some cases — Vibimiwhi and 
Leycesteria — they become nectar-secreting organs. 

The difference between Sambucus and the rest of tlie 
family already noted in the leaves is emphasised in the ana- 
tomical striictiire. Generally the. bulk of the \¥ood consists 
of prosenchyniatous tracheids with bordered pits, and tlie 
vessels are mainly of the scalariform type, while in ASruNhifcus 
the wood-fibres bear simple pits and the scalariform type of 
vessel is rare. The origin of the primary periderm is variahle 
even in the same genus. 

The inflorescence shews varpng degrees of developiiieut- 
A regular cyme is seen in LeycesteHa forimsa ; in species «>f 
Lonicem the central flower is often suppressed (lig. 2H2, !>) 
forming a two-flowered oyme in which case the ovaries of the 
pairs of flowers become more or less united (coiiiparc Nciuelfiae 
in Riibiaceae); in Symplioricarpus and DierviUa the lateral 
flowers are suppressed and the inflorescence lias the ap|>ear- 
ance of a spike or raceme. Large repeatedly braiitdied 
inflorescences, endi,ng in cymes, occur in Sambmus a,i:K.l 
Yiburmim, The bracteoles are generally developed. 

The flowers of Sambucus Fi6■^^/rn.^^w^arereg■u.],a^ (figs. 260, 

261), with a generally rotate short-tubed corolla — ^except the? 
zygomorpliic sterile flowers on the outside of the inflorescence? 
of species of Viburnum^ \¥Mch recall the similar phenomeiioii 
ill some Umbelliferae. Those of Lonicera are markedly zygo- 
morphic with generally a long slender 
tube and a two-lipped limb, four of 
the five segments uniting to form the 
upper hp (fig. 262). A tendency to 
zygomorpliy is noticeable in the other 
genera, thus the bell-shaped corolla of 
SympJioricarpus and Linnaea (also 
t ubular-fiimiel-shaped) is regular with 
a tendency to zygomorphy. The pos- 
terior stamenis reduced or suppressed 260. Floral diaj^mru of 

in Dipelta {CMim) Mid Linnaea^ nnd Smnbucus Ehnins. (AIut 
' the stamens are didynamous.,.-'Sam- 

buous differs from the vest of the genera in. having ,e,xtro.rse 
dehiscence of the anthers (fig. 262, E). ■ 
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The Humber and development of the carpels shew great 
variability^ even in one and the same genus. In Leycesteria 
and some species of Sambucm there are five carpels (rarely 
more in Leycesteria) which are equally developed; four in 
Symphoricarpus, three in most of the remaining genera and 
two m Dierdlla. The number of ovules i.s also variable ; Sam- 



Fia. 261. Viburnum villosum. A. Floweiing shoot, f nat. size. B. Flower, in 
longitudinal section to shew the single functional ehaniber of the carpel 
with pendulous OTuIe, x8. C. Drupe, xl j. B, E. Drupe cut lengthwise, 
and across, shewing the single seed. B x l|, E x 2. 

buctis, Viburnum and Triostetim hs^ve one in each clianiber,.. 
while ill Leycesteria iiiej are numerous. The carpels are often, 
unequally developed ; thus in Vibur7imn two of the three 
original carpels, become suppressed ■and the fruit ..is unilociihir 
and one-seeded, hi Symphoricarpii^ chambers are oiie- 
ovuled and .fertile, two' contain several ovules, and are sterile,, 
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and the fruit is two-seeded ; similarly in Linnaea there are one 
fertile carpel containing one ovulej. and two sterile carpels 
with several ovules. 

The flowers are insect-pollinated. Adaptations to this end 
are the white or coiispicuonsly coloured corollas^ the aggrega- 
tion of the smaller flowers, sometimes associated, as in 
t tbtmitim, with the specialisation of sterile specially attractive 
florets, the strong scent and the development of nectar. The 
most advanced type is represented by the Oa/prijoli/mn 



of fruit. D. Pair of flowers of L. ligustrina in vertical seefliou, tlie (Uiroila 
removed. E. Flower of Samhmus nigra enlarged. F. Same in vertical 
section. (A, F after Le Maoiit and Decaisne; B alter Fritseh.) 

section of Lonicera\ with a bilabiate long-tubed corolla iii. tlie 
base of which nectar is secreted; the flowers are strongly 
scented at nightfall and attract night-flying insects, especially 
SpMngidae;, the stigma is carried out beyond the stamens, 
thus preventing self-pollination. 

, , The. fleshy berry or drupaceous fruit is adapted .for dis- 
tribution by birds. 

. The species . occur mainly in the' temperate , regions of. the 
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northern lieniisphere ; in tlie tropics they are fmiiKl iisna-lly only 
at higher elevations. The family is sj^aringly represcmted in the 
southern lieniisphere by a few species of 8mnbnc}is (Soiiih America 
and Australia) and Viburmim (Andes), and the small genus 
Alsenosm'la, confined to New Zealand, consisting of small ever- 
green shruiis with alternate leaves. Niimcwmis fossil species of 
Vibarmini have been described, especial!}' in the Tertiary strata 
of North America. 

Smnbueiis contains about 20 species and is very widely dis- 
tributed; V’ibarnuni, 100 species, mainly in teniperat.e and sub- 
tropical regions of East Asia and ' North Ainerica, with three 
species in Eiirope ; eight species in North America 

and Mexico, one in China; Lomcera, loO species, n'idely distributed 
tliroiiglioiit the northern hemisphere,, especially developed in 
Eastern Asia and the Himalayan region. 

The close affinity of this fa.miiy with Enbi.aceae has already 
been indicated. Affinity with 'the pol^^petalous Cornaceae is 
indicated by Viburfium with simple opposite leaves, regular iso- 
ste.iiionoiis flowers, one-ovnled ovary-cha.mbers and drupaceous 
fruit. 

Family III. ADOXACEAE 

This family comprises only the single species Ado.ra Moschatel- 
Una (.Moscliatel) (fig. 263), a small glabrous herb which is widely 
sjB'ead over the north temperate zone. It is a pereimiai with a 
creeping inonopodiai rootstock which bears a cluster of ternately 
divided radical leaves, without stipules, and a simple two-leaved 
stem ending in a cymose cluster of five (or scn'cn) sinaii, green, 
sessile, regular, bisexual flowers. The terminal lloAveris tetramerous, 
the lateral are pentamerous and borne in decnsvsating pairs. The 
simple floral en\'elope is deeply four- toiive-lobed, and alternating 
with the lobes is a whorl of stamens, each of which is s]>lit to the 
base and bears a half-anther. The ovary is half-inferior and four- 
or flve-chambered with a single ovule pendulous from the inner 
angle of each chamber; the short styles are equal in number to 
the ovary-chambers. Below the perianth is a small shallowly 
tw'o- . (terminal flow-er) or three- (lateral fl.ow'ers) lobed .involucre 
which' has been .regarded as a calyx, but W'Mch Eichler interpreted 
aS; representing the union of the pair of hracteo.ies or the . bract 
and' twm braeteoles respectively ;,it persists in the fruit around the 
.one- to .fi.ve-seeded drupe. ..The compressed seeds .'.coiitain a : small 
embryo at the apex of a copious enclosperni. 

The flowers are pollinated by small insects, 'which are attracted 
by the greenish -yellow^ colour ,:. the ' musky sinell, and the nectar 
secreted by a fleshy .ring.. -surrounding the bases of the, stamens. 
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Insects crawling over; the sinali inilorescence bring their feet and 
proboscis into contact at one' time with the anthers, at aiiotlier 
with the stigmas and th'iis effect cross-pollination (H. Miilier). 

The affinity of Adoxa is doubtful; widely different positions 
have been assigned to it — Saxifragaceae, suggested by the half- 
iiiferior ovary and perhaps by- the superficial resemblance fd‘ the 
flower to such forms as CJmjsosplenmm, a com])arison wliieli rloc^s 
not seem warranted ; and Araliaceae, which it recalls in its iiicoii- 
spiciious flowers, with a half -inferior isomeroiis ovary with solitary 
peiidiiloiis ovules. It is however probabl}? best placed in it-s 



Pig. 263. Adoxa Mos(diateUm^^ A. Portion of plant in tlowor, sliditly ri'diiced. 

B. Flower. (1 Same in vertical section. B and C enlargod. (AIkt Fj-itsch.) 

present position, and regarded as a derivative from the sym- 
petalous tetracyclic type represented by the Kuhiales. Itliidiler 
referred the floral structure to Caprifoliaceae, but the abstnec of 
a calyx, and the fission of the stamens associated with tlie gi.'iieral 
habit of the plant, seem sufficient to remove it from that 

Family IV, VALERIANACEA.E' 

'Flo'wers bisexual or unisexual by abortion, irregular witJi 
no plane 'of; symmetry.. Calyx represeiite.d in the flower by 
an, epigynoiis.ring, becoming- enlarged .in .the fruit. Corolla, 
generally tubular and five.-limbed, often, saccate or spurred 
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at the base. Stamens 1-4, attached to the corolla-tiibo .aiid 
alternating with its , segments anthers cleliisciiig introrsely. 
Ovary of three united carpels tj^pically three-chanibered but 
one only fertile and, coiitaiiiing a single pendulous aiiatropoiis 
ovule; style simple, ending in a siinple or two- to three-partite 
stigma. Fruit one-seeded ; embryo straight, completely filling 
the seed; radicle directed np wards. 

Herbs, more rarely shrubs with opposite exstipiilate 
leaves and numerous small flovors in eymose inflorescences. 

Genera 10: species about 350; chiefly north temperate and 
Andiiie. 

The plants are small annuals, as in Valeriafiella, e.g. 
F. oUtoria (Lamb’s Lettuce), a small glabrous cornfield plant 
with simple narrow leaves and minute pale lilac flowers. The 
majority are perennial, peristing b,y an underground rhizome, 
as in species of Valerian (Valerimia); some alpine species of 
this genus are acaulescent with leaves in a close rosette and 
a long thickened tap-root; in F. tuberosa (nioiintains of 
Mediterranean region) the plant persists hj means of a 
tuberous adventitious root, borne each j^ear on a short 
axillary shoot on the tuber of the preceding year, as in certain 
Ophrydeae (see vol. i). The aerial stem when branched is 
dichasial, or by suppression of the main axis dichotomous, 
and the same character is repeated in the inflorescence. The 
leaves are simple, as in. FalerimieUa^ GeMrmithm and others, 
or more or less pinnately divided, as in Valeriana officinalis', 
in others, as in 1^'. dioica, the radical leaves are entire and the 
cauline pinnatifid. 

The many-flowered inflorescences often pass over into 
monocliasia ; the flowers are sometimes closely crowded into 
heads, as in (North America, Chile) and Na^rdostachys 

(Spikenard). The latter is exceptional in having an obvious 
five-limbed calyx, otherwise the calyx is late in development ; 
its protective function, so far as concerns the flower, is usually 
transferred to the pair of bracteoles which stand close up ho 
the flo-wer, or mutual protection is effected by aggregation 
of the flowers in a head. The. corolla crowns t.Iie top of, the 
.ovary, and is tubular or. funnel-shaped; the .tube is regular 
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or produced at or near the base into a short sac or a spur of 
varjdng length in which nectar is secreted; the five (rarely 



Fic4. 264. VaUriana officmalis. A. Inflorescence, slightly reduethl. 6. Flower 
in male stage, the stigmas still unex jianded, x 4. (1 Fiowf'r in vci1i<*af 
section in later stage mth expanded stigmas; the antliers have fallen* 
D. Flower of CenirayitJms mher, the lower portion in section; earliia* stago, 
X 4. E. Emit of F. officinalis in vertical section shewing Kseed with cfiihryo, 

■ x4„ (B-E after Hock.)' 

three or four) limbs, are equal, or bilabiate as in Fedia .and 
CentrantJms ; they are imbricate in aestivation. 

A progressive modification of the flower is traceable in the 
different genera. 'The. least modified:. type is represented by 
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tlie two sinall temperate Asiatic genera. Patriiua and Xardo- 
stmhys, wliere the flower. is almost regular. The calyx is iive- 
tootlied, or in Nardosiachys obviously five-limberK and does 
not become enlarged in the fruit; the corolla is generally 
regular (exceptional^ spurred), the posterior stamen only is 
sn|)|)ressed and the two sterile ovary-chambers are well- 
developed (fi.g. 265, 13). In ValerianeMa (north temperate) 
(fi,g. 265, B) the outer (on the side towards the sterile bracteole) 
anterior st'anieii is also suppressed, the calyx is variously 



Fkl Florai (iia|.Tanis of: A> VaJeriam the ovary shewn as 

consisting the<treticaily of thTee (‘arpeis only (»no c>f \vhi<‘h, the rlLait-hand, 
is cieveloped; B, C'enf ninth nihnr; Pafrinia, 

The septum enclosing the style is indicated by a dottcni line in A and C. 
(After Eichier.) 

.developed, in some species remaining inconspicuous, in others 
forming in the fruit a membranous crown or bristles or, hook- 
like structures; it never forms a pappus; the sterile ovary- 
chambers also sherv various stages of development . the, 
corolla is regular and fminel-shaped. 

, .Fefh# (a .monotypic,' Mediterranean genus) has an iiieoii-, 
spicuous 'two-:.. to four-toothed calyx- which does not„enlarge 
in the fruit,' a long tubular corolla, with a s'hort sac above the 
base, and a two-lipped liinb.;-' both .anterior stamens are sup,- 
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pressed, blit the two sterile ■ ovary-chambers are still well 
developed. Ill tlie large genus Valeriana (figs. 264, 265, A) the 
calyx forms an epigynous ring in the floiver ivhich in the 
fruit unrolls to form a feathery pappus, the corolla-tube is 
regular or saccate, there' are three stamens, as in Val£rianeila^ 
and the ovary is one-chambered, the sterile chambers being 
reduced to small protuberances. Gentranihiis has a similar 
calyx, but the corolla is spurred and the rediictiori in tlie 
androeciuiii reaches a maximum, one stamen only licing 
present; the sterile ovary-chambers are reduced to nerves 
(figs. 26.4, D, 265, G). In the last two genera the corolla-tiihe 
is divided by a septum into two' compartments, one of whieh 
encloses the style ; the division is a low one in Valerimm but 
reaches to the throat of the tube in GentraMh/us ; it- is i,iidicat€cl 
by a dotted line in the floral diagrams. 

The flowers represent an advanced stage of adaptation, to 
insect-pollination, which may extend to dimorphism. H. Miiller 
has indicated an interesting series in species of Valeriana. F* 
officinalis (Cat’s Valerian, All-heal) is proterandroiis (fig. 264, 
B, C) ; the small flowers are rendered conspicnons hy aggregation, 
and the nectar in a small pouch near the base of the short tube 
is accessible to insects with moderately short probosces; the 
anthers, covered all round with pollen, in the first stage of the 
flower, or the three outspread stigmas, in the second stage, are 
touched by the feet and under surfaces of insects creeping over 
the inflorescence or by the heads of insects sucking nectar. In 
F. dioica cross -pollination is ensured by dioecisni ; there are four 
different forms of flowers borne on different individuals, (1) male 
flowers with no trace of a pistil and with large corollas, (2) male 
flowers with a rudimentary pistil and small corollas, (3) female 
flowers with evident traces of anthers and still smaller eorelias 
and (4) female flowers from which anthers have almost entirely 
disappeared and with smallest corollas of all. Intermediate stages 
are found in F. montana, which has large- and small -11 owen‘d 
individuals, the former being bisexual, the latter functioiiaJly 
female, as the anthers though present are empty of polltai, and 
V . tripteris, wliich differs in that the large flowers are fiinctiooall^y 
male, the style bearing no stigmatic papillae. 

The pappus or membranous or wing-like developments aid 
distribution of the fruit by air-movements; the bristly crown 
or hooks in species, of VaUriandla are effective by 'clinging 
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to fur or featliers, and the pappus' of Valeriana and Cen- 
tranikiis will also act in the same way* 

More tliaii 200 of the species are included in the geniis Valeriana. 
Ill the Old World the chief development is in the Mediterranean 
region, and the family is scarcely represented south of the equator; 
in the Rew World there is a strong development of the genus 
Val^eriana on the Pacific side, especiail^y in the Chilian. Andes and 
extending southwards. 

The rhizome and. roots of maiw of the pe.remiial specnes contain 
an ethereal oil with a sharp bitter taste and penetrating siiieli, 
which from it.s strong action on the nervous system has a medicinal 
value. . 

Spikenard, one of the most prized unguents of the Romans 
and eastern nations, is procured from the. young shoots of the, 
Himaiai-an Na/rdostachys jatamansi; the generic name is derived 
from the spikedike appearance given to the shoot bjr the per- 
sistent stiff fibres of the older leaves. The young leaves of some 
annual species, as of VcilerianeUa, e.g. P, olitoria (Lamb’s Lettuce), 
are used as a salad. 

Ckntrmithiis (Mediterranean icgion) contains tiie familiar garden 
species C. niber, ivhich has become natura!.isecl on old ivaiis and 
chalk banks in the south of England. 

' Family V. DIPSACACEAE 

Floivers small, bisexual, generally mediaiily zi’-gomorphic 
and aggregated into dense involucrate lieads ; each floiver is 
enveloped by an epicalyx formed by tlie union of the pair 
of bracteoles. Calyx small, variously developed. Cbrolla 
tubular or tubul.ar-fumiel-s.haped, with a five- or four-lobed.' 
limb, lobes imbricate in bud. Stamens four, sometimes fewer 
by abortion; anthers introrse. Carpels two, but the inferior 
ovaiy imilociilar, with a single anatropoiis ovule pendulous 
from the apex; style filiform, stigma simple or bifid. Fruit 
dry, one-seeded, enclosed in the epicalyx and often crowuied 
bj' the., persistent' calyx-limb. . Embryo straight, .suiTomided 
by endosperm, radicle superior. 

, Annual or more often perennial herbs, rarely slimbs, with 
.opposite exstipulate leaves. 

Genera 9;' species -about 155; mainly Mediterranean, but 
spreading eastwards, -southw^ards . and iiorth\vards. 
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Tliougli the plants are generally lierbaceoiis, a,- lower 
prostrate persistent portion of the stem sometimes becomes 
woody, as in Sccibiosct lucidu WlA others. In some steppe- 
inhabiting species of 8coibioso.> the whole plant becomes 



Fio. 266. Scabiosa graminifolia. A, B. Head in biid and flower, slijilitly reduced, 
G. Floral diagram. The two outer rings represent the e]>iealyx, in<iicut(‘<{ 
by e in the figures. Dan outer, E an inner floret in vertieal section, - 2.]. 
F. Fruit, X 5. G. Fruit in longitudinal section, the epiealyx, is more 
ascending than in F; c, persistent calyx-teeth. H. Germination. 

densely hairy; instances of an interesting adaptation to 
seasonal changes are seen in bb pulsatiUoides (Granada) and 
to, a less .degree in other species,' where in the first year the 
plant forms a dense leaf-rosette, which is protected from the 
dry hot summer : by . a grey, felt-like bair-covering; this. „is 
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absent from the leafy flower-bearing stem produced during 
the damp peiiod , of , the -following Bpriiig. The leaves are 
variable in form, being entire,- cut, lobed or piiiiiatifid; 
they .may differ on the. same -plant, as in S. i^jlumharia, 
w.liere t}ie naiTOw- radical leaves are entire or di\i,dcd and tlie 
caiiliiie .piniiatifid. 

The erect biemiial ' stem of .the Teasels is angular, and 
hairy or prickl^y: the leaves are generally tootlied or cut, and 
connate forming water-receptacles round t,lie stem. 

The epiealyx shews considerable variation in .form in the 
different genera and species; it has generally an angled -or 
ribbed or furrowed lower portion siiiTOiindiiig.the ovary and 
the fruit when ripe; it may be truncate above, 'as in Teasel, 
but more often is provided with a.- membranous crow,ii (fig. 26.6, 
F, G) sometimes bearing bristles or teeth and aiding the' 
distribution of the enclosed achene by vdnd- or animal- 
agency. T,h,e numbers of angles, ribs, teet,h., etc., are in relation 
to the number of limbs of the calyx or corolla (equal or 
double, etc.). The calyx uand corolla may be regarded as 
typically peiitamerous, though, often aetuall\^ tetramerous, 
the latter condition being, accord,ing to Eichler, due to union 
of two members (cf. Veronica), A fifth, posterior, stamen is 
always absent, a,nd of the four stamens tiie two anterior are 
often smaller; sometimes, as in- Jiorb/a, represented merely 
by barren rudiments. The calyx-limb varit^s in form, being 
sometiiiies cup-shaped or lobed, toothed or ciiiate; it may 
fall a,f ter fertilisation, but generally persists in the fruit (fig.. 
266, F, G). The corollaTimb is often’more or less tu'o -lipped. or 
the lobes, are iiiiequal. The irregularity is sometimes iiiiicli 
enhanced in the outer flowers of the iiead (as in Scabiosa), 
which are also larger than .the inner, .indicating the differ- 
entiation into ray- and disc-florets which becomes vspecialised 
in .the Compositae. According to .Payer, the study of the 
development of the flower in Scabiosa indicates the presence 
of two , carpels, - but the ovary is always o.ne.-eelled, with no 
trace of .the , sterile .carpels which., were characteristic of, 
the Valerianaceae;. the stigma,, however, is often forked. 

The aggregation of the. . flowers ' and the floral structure 
point to insect-pollination, .details- of wliicfi have been studied 
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in several species.. Nectar is secreted the top of the ovary, 
and tliroiigli the widening upward of the corolla- tube is often 
accessible to sliort-toiigiied insects. "Self “pollination is avoided 
by the projection of the stigma beyond the stamens, as in 
Wlorinay oi usually by marked proterandry, as in Dipsacas, 
Knmitia,. Succisa, Scabiosa ; in Kna/utia arvmsis this lias led 
to dicliny, individuals occurring in which the flowers have 
all more or less aborted anthers W'hioh do not open. 

The epicalyx becomes thickened and leathery, prcfleciing 
the' fruit, the pericarp of wdiich is thin and easily ruptured at 
the apex; the seed has a thin membranous testa, and the 
embryo is surrounded by a thin or thick layer of flesiry 
endosperm. In germination the radicle protrudes at the top 
of the fruit and bends downwards, generally pierci'iig the 
iiiembranous wing of the epicalyx or penetrating one of .its 
symmetrically arranged thin portions or furrows aiid pinning 
the whole to the earth by the thickened base of tlie 
cotyl (fig. 266, H). The oblong or ovate cotyiedons are then 
drawn out of the fruit. In Succisa australis a small tooth “like 
projection at the base of the hypocotyl fi.xes the narrow rim 
of the involiicel and holds it down while the cotyledons are 
drawn out. ' 

The family is developed mainly in the Mediterranean region, 
especially the eastern portion, spreading through \iT>stern Asia 
to India and the Himalayas, and, with a -few representatives, 
southwards into tropical Africa. It also spreads northwards into 
Central, and to a less extent Northern Europe. Dtpsacus sylvestris 
is our wild Teasel; D.fullonnm (Fuller’s teasel), distinguished by 
its hooked bracts, is probably a cultivated form of D, sylvestris. 
Our native Scabious are included in three genera, fomieriy 
regarded as sections of Scabiosa, nmiielj Succisa (.Devirs'!:iit 
Scabious), Knautia, Scabiosa (8, Columbaria), 

Order 2. GA3IPANULAL.ES 

: Plowers tetracyclic, bisexual, or unisexual by suppression, 
regular or zygomorphic ; typically pentamerous, witli isomerous 
stamens, and generally fewer carpels. Anthers converging 
and often laterally united (syngenesious). Ovary inferior 
(rarely more or less superior), :several“cellecl with a? ~ 1 ovules 
ill each cell or one-celled with a single ovule. 
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/ GTeiierally licirbSj rarely .woody plants, often containing 

latex-vessels or oil-passages. Flowers, 'geiieralljy racemose 
witli a tendency to aggregation in beads. 

Tlie distingiiisliing feature of tlie , order is the siiiipie but 
reinarkaJjly effective pollen-presentation mechanism. This 
consists , ill the lateral approximation or coliereiice of the 
anthers to form a tube into which the pollen is ejected, and 
the development of the style into a brush which the pollen 
is swept .out at the top of the tube. The siibfaniilies C.^aiii- 
paniilokleae, mtlr free anthei’s, and Lobelioideae, with 
laterally united anthers, of the family Campaniilaceae repre- 
sent respectively simple and more elaborate types from this 
point of view; in the great family Compositae the syiigenesious 
character is constant and the mechanism shews a wide 
variation in detail. The two small and geograpliicall5r re- 
stricted families Goodeniaceae and St}didiaceae have more 
elaborate highly specialised pollination-mechanisms. The 
family Caiiipanulaceae shews considerable variety in floral 
striictme; in the less advanced siibf amity the flowers are 
regular vitli free anthers and an isomeroiis gynoecium or 
reduction to three or two carpels; in the more advanced the 
flower is strongly medianly zygomorphic with sjiigenesious 
anthers and a bicarpellary pistil; there is also a tendency to 
reduction in the number of ovxiles. The two small families 
have a zygomorphic bicarpellary pistil. The fruit iii these and 
in Cainpanulaceae is,- with few exceptions, a capsule, shewing 
considerable' variety in mode of dehisccmce,. and containing 
numerous to few seeds ; the epigynous character is not fixed, 
though inferior in the great majority it may be half -inferior 
to superior. Again, though the inflorescence is often lax there 
is a tendency to aggregation of the flowers, which in, .some 
genera form compact spikes or heads, sometimes suiToimded 
by an involucre of bracts. In Compositae .the general ty^e of 
flower, so far as regards number and relative position, is, re-, 
mar, kably constant; the always inferior ovary, though formed 
of two carpels, -is. imilocular.-and one-ovuled and the fruit one- 
vseeded a,nd,iiidehiscent; the capitular inflorescence is also , a 
constant character. 'Within .the .limits of the capitulum there 
is, considerable- variety .in the .form, of the. floret, which is 
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regular or more or less zygomorphic,: in the differeiitiatioii 
of tlie florets for reproductive or attractive purposes, and 
also ill the specialisation of the calyx, the protective function 
of which has been transferred to the bracts of the itivoliicre, 
for seed-dispersal. 

We have noted under Rubiales biological tendencies in 
connection with inflorescence and flower similar to those 
which have become more or less characteristic of Canipanu- 
lales. The aggregation of the flowers into dense heads, whieli 
reaches an extreme development in Dipsacaceae where the 
head is subtended by an involucre of bracts, is associated 
with loss of the protective f miction of the calyx and its 
development as an organ for seed-dispersal. But a niarived 
distinction is the cymose character of the heads in Rubiates 
as contrasted with the racemose capitulum in Canipanulales, 
and the resemblances between the two orders are to be 
regarded as indicating convergence of development rather 
than direct relationship. A clue to the origin of the 
Campanulales may be found in the conflicting views which 
have been put forward regarding the position of the family 
Cucurbitaceae (q.v.) and the order may represent a sym- 
petalous development of a stock allied to Passiflorales in 
which a tendency to sympetaly and epigyny occurs. 

Family I. CAMPANULACEAE 

Flowers generally bisexual, regular or medianly zygo- 
morphic; usually pentamerous. Sepals generally free and 
open in aestivation ; petals generally united beloiv, aestivation 
typically valvate. Stamens free or united, sometimes partly 
united with the corolla-tube; anthers introrse. Carpels 2-5, 
united; ovary inferior or half -inferior, very rarely superior, 
generally, 2-5- (rarely 6-10-) celled, rarely oiie-celled, with 
generally numerous anatropous axile, rarely parietal ovules; 
style simple, often with pollen-coUecting hairs. Fruit a capsule ; 
rarely berry -like. Seeds generally small with a fleshy endosperm 
and a straight embryo. 

Annual or perennial herbs or ■ uiiderslirubs, rarely, shrubs 
or trees, with usually , alternate, ' exstipulate, leaves, .and 
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often, showy flowers, which are solitary or arranged in more 
or less eo,iiiplicated inflorescenceB. ' Latex is generally present 
ill segmeiitecl sacs. 

Genera 61; about 15.00 species; mainly temperate and 
siibtropicaL 

The plants are annual lierbs, as in Sj^ecidaria.n sniali genus, 
mainly north temperate, represented in Engla.nd l.iy S, hybrida — 
a s,mall plant with an .erect or .reciuiibeut stem oeenrriiig in 
cornfields and dry soils— some species of Cam 2 )anida and 
others. Otliers , are biennial, with generally a t.hick fleshy 
tap-root, as in species of Campanula, e.g. (7. liapuncuhi-^ 
(Rampioii), MicJiatixia (Asia Minor)' and others. Generally, 
however, they . are perennial, in vliich ease the main axis 
bears a rosette of leaves and the flower-bearing shoots arise 
laterally, as in C. ratmidifolia (Hare-bell), or the main axis 
bears flowers, as in C. Trackelmm, glomerafa. persldfolui, etc, ; 
tlie lateral slioots bear leaves and an inflorescence, the lower 
portion persisting generally for one or two years as a 
rhizome; in Canarina, a .native of tlie Canary .Islands, one 
or more- of tl,ie roots become thi.ek a.nd tiibei:*-li.,ke. In otiier 
eases tlie main shoot perishes each year and the new lateral 
slioots become separate individuals, as in, our British 
Lohelia DorUnanmt, which roots in gravelly mountain lake- 
bottoms, the short :m.ain axis developing long slender 
stolons w'hich, form the new shoot^s, Tlie aerial stems are 
generall}" erect, sometimes twining, 'as in species of Codon - 
opsis (natives of the mountains of Gentral and Eastern 
.Asia) and Gyplda (South Africa). Shrubby forms also 
.occur, sometimes of remarkable form, as i,n Canip^anula 
Vidalii, a native of the Azores, and several small Sout.h 
African genera which have sometimes a heatli-li.ke habit (as 
RoMad Shigiophyllum). A group of genera belonging to the 
subfamily Lobelioideae,, native of the Sandwic,h Islands and 
other Pacific Islands, are shrubs or small trees, and the larg.e 
tropical AmeriGaii genn^ Centropogon. ot the, same siibfaiiiily,. 
consists of shrubs which are sonietliiies cliiiibers. The large 
genus Lobelia comprises herbs, more .rarely shrubs ; a remark- 
able development is shewn by the Tree .Lo'belias, wliieh, are a 
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feature of the Mgli mountain flora of tropical Africa. These 
reach 15 ft. in height and have a stout, ■ sometiiiies woody, 
cylindrical stem bearing a dense crown of long narrow leaves 
and iiltiniately forming a tall terminal spike of flowers. Tlie 
lower part of the stem is marked wdth the scars of the fallen 
leaves. 

The leaves are generally spirally arranged, biit whorled or 
opposite in Cmiarma, alternate or opposite in WaMenbergia. 
opposite in Oampamimaea and others. The radical leaves 
/ often differ from the canline, as in Gampamda roimidijolia. 

The leaves are usually entire or toothed, rarely pimiately c-iit. 

A general anatomical character is the presence of articulated 
laticiferoiis tubes w-hich occur in almost all the organs. In t!i(‘ 

‘ stem they are generally limited to the inner region of the p}ilo(‘in. 

more rarely they are found in the outer portion or in the cortical 
; parenchyma; they are infrequent in the pith. Deviations from 

the typical stem-structnre occur in many species of Cam pa mi! a, 
and in species of allied genera. In the simpler cases internal 
phloem is present, in the more complicated there are one «>r 
more rings of distinct collateral or sometimes concentric bundles, 

I wdiich may even niiite to form a closed inner ring. These interna,! 

bundles generally shew secondary growth in thickness. 

The flowprs are usually in racemes, spikes or heads, 
which in the subfamily Campanuloideae have a terminal 
flower, generally absent in the other subfamilies. In Jasione 
and Hedmemitlms the outer bracts form an involucre, 
i Solitary terminal flowers are characteristic of some small 

. genera {CyanantJms, Boella) and are also found in species of 

Campanula, and other genera; solitary axillary flowers also 
, occur. 

Lateral flowers generally have a pair of bracteoles, in the 
axils of which branching may take place developing dichasia 
' ' w^^Mcli pass over ' into nionochasia. The small, soinewliiii 

peculiar, genus Pentaphmgma (India and Malaya), wdsicdi luis 
also very asymmetrical leaves, has a terminal dorsiveiitral 
cyme rolled up at the apex closely resembling an inflorescence of 
Boraginaceae or Hydrophyllaceae. 

The family fails into three subfamilies distingiiislied especially 

' floral characters as follows. 

. ■ 


I>80 


FLOWEEING .FLAHTS 


Snbfainiiy I. Camtanulgideae. Floweris reguiar: aii!lu‘rs gener- 
ally free (iigs. 267, 268). 

The sepals, petals and stamens are usually thv In iiiiiiiber, hut 
not i'lifreqiiently more (6 to 10). as in JJiekaiLria aiul Pa^uiriNa 
(generally six), sometimes fewer, as in Waldenberiiln (often three 
or four). The se])als may he swollen at the 1 his€^ as in many speeies 
of Campanula, and may sometimes bear lateral appendages. The 
corolla is generally belhsliaped, sometimes wry open, as in 
Campanula perstflfolia, C. carpatka and oihers. more rarely 
fiiiiTiehsliaped {Merclera) oT mtihte (Speeularia), or the petals are 
almost or cpiite free, as in Miehaax’ki and Fkph'uma; the loiioii 
of parts may be greater in the bud than in the open 1 lower, and 




Pig, 267. Flower of Cainpttnnla pusiikt to illustraU' nietfnMi of j)olIiuatioix. 

A. Voting bit(i ill ioiigitudiiiai section, tlie unopened antluws surrountl the 
brusli of the style; //., nectary, protected by tlu* arching bases of the stamens. 

B, Htainens and jiistil of a bud about to o]>en; the .style-brush i.s covered 
with pollen from the antliers. C. Stamens and style in tirst. or male stage. 
I). Same in second or female stage. (After H. idler.) 

the method of separation is often very eluiraeteristic, as for 
instance in Phijtmma, where the petals may remain united at the 
apex, , becoming free below. In the. cieistogamic flowers of Spem- 
laria ikeTe are no petals. ... 

The stamens are often broadened at the base, forming a hollotv 
chamber above the nectar-secreting 'epig\moiis disc, and the 
anthers, are free. The relation of the parts is admirabty' adapted 
to pollination by, insect-ageneju Thus in Campanula in the' bud 
(fig. 267, A), and the early -stage- of the. flower the ajjpressed 
stigmas form a cylinder, the outer simface of wdiich is covered 
with long hairs; in the bud, the anthers siirroiiiKi tins brush and 
shed their pollen upon its', hairs (fig. 267, B) ; as the fiower opens 
(fig. 267, C). the. stamens wdther and fall back into the flower, while 
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the columnar style presents a brush .thickly covered with pollen 
which is rubbed off by the bodies of humble-bees and other bisects 
which probe between the broad bases, of the stamens for nectar. 
Ill the next stage (fig. 267, D) the collecting hairs have withered 
and the three stigmas separate and expose their receptive uppei' 
faces. In absence of cross-pollination, self-pollination' may fie 
effected by the bending back of the stigmas to pick up grains of 
pollen still adhering to the style. In Phyteuma the long strap- 
shaped lobes of the corolla cohere for a time in the upper jiortioii 
and form a narrow tube up which the pollen is pushed by the 
lengthening style and projects in a mass above the mouth; in the 
second, female stage, the style bearing the three now expanded 
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stigmas escapes from the corolla; the small flowers are aggregated 
into heads or dense spikes, their aggregation rendering theiii 
conspicuous ; the method of pollination closely resembles that of 
a Composite. 

The resemblance to the Compositae is still more marked in 
Jasione (Sheep’s-bit), in which the small flowers are closely 
arranged ill terminal heads surrounded an involucre of bracts. 
The nectar is easily accessible even to short-tongued insects, as the 
corolla is cleft to the base into narrow linear lobes, and the tliiii 
staminal filaments are free. The stamens" cohere at the base of the 
anthers .to form a, ring round the style, which, in the first stage 
elongates, bearing the brush densely covered with pollen above 
the corolla-lGbes, and afterwards, when pollen and hairs have <lis- 
.appeared/displays a two-lobed stigma. Larger insects will come 
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into eoiitcict willi roaiiy Iknvers at one visit, aiul the small size ef 
the rimvers is thus compeiisated for by the iuiioii of ‘i la>rue luuiibcn’, 
mmetmws cojislderahjy over 100, in" a single ]ie:u!. 

The .11 limber of carpels- varies. When two in iimober they are 
generally iiiediaii, when three the odd ont* is generall)’ postcn’iur; 
when there are five they are alternate* with liu* slanicijs iPIafij- 
codon and other genera) or opposite (s|M‘i*ic.*s uf ^ 'ompannia, 
WaMenbergid and others). The ova.'r>’ is gcmerallv two- to tive- 
chanibered (rarely 6 to 10). The ovules are genera.! I \- borne on 
thick, sDinetiines stalked, eentral plaetmtas. In the small 8oiith 
African genus Jlera'eca the oue-celied or ineoniplelely two-cilled 
ovary contains four basal anatropous ovult*s and in another 
small South African genus, Siphocodon^ tlie tivules nie pendulous 
froiii the top of the three-celled ovaiy. In the Mibiribe WoMen- 
berginm the ovary is often elongated conieah}.' ahevve the line 
of insertion of the calyx, being more or less iiaif-su])erior, as in 
WaJilenbergki. or sometimes quite sujierior, as in Cganantlnos 
(inountains of Central and East Asia). 

Snbfa,.niily II. Cyphioideae. A. small group of herbaceous plants 
with z3"gomorphic Hov’ers and stamens witli tilaments sometimes 
united, but the anthers are free. Includes Ctjjthia, with about 
20 species in Africa, inainl^' south (some luive tuining stems), 
and, a fe^r small West .A,merican genera. 

Subfamily' I II. Lobelioideae. Flowers strikinglx' z\y'omor]>hic 
(tig. 21)0), ra.rely unisexual, pentaiiun’ous with redtuiion to tivo 
in the pistil. The odd si*|.)al is anterior but b\' twisting of the 
tlower-stalk biH*(»uu‘s qoslerioi* in the 

open (lower. II le petals are united into a tube, which is.liov'cver, 
often split more or less to the base, rareiv art* the\' tjuite free. 
Tlie tiianients of the stamens are more or less united and the 
anthers join laterally to form a tiib(‘ (syng(*m‘sious}. as in Com- 
])Ositae. The st^He bears a crown cd hairs wliich in tlu* iirst or 
male stage of the flower is at the bottom of the antlier-tulie; 
by lengthening of the st\Ie the pollen is pushed out of the tu])e 
and detained above it by the stilf hairs on the top of thfc> 
anthers (.fig. 269,. C, B). After the removal of the pollen the two 
stigmas, project from the tube and fold back to expose their 
"" :■ receptive surfaces (female stage, fig. 269, E). The ioiig-tubed 
fl,Gw^ers of some ' species of Sipdiocmnpiflms (a large tropical 
: .American, genus) are .probably pollinated hy hii mining-birds. 

In -Lo6efin (fig. 269) and other genera tin* ovary is often half- 
, ' inferior or aim, ost . superior. . ; 

: :T,he fruit-: is generallj^ a many-seeded capsule, the form and 
mode ,. of dehiscence of which, yary considerably in different 
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gGiiciciu Thus ill CdfupQ/Yhulci it opoiis by three to five siiia.ll 
lateral valves beloiv the calyx; when the fruit is erectvas in 



Fig. Lohdia ci8.simien^^^ A, B. Leaf and infloresooi ice, di,ii:htiy rcdiu'rd. 
C. Flower in vertical section, in male stage, x 2|; the pollen is heinif pushi>'l 
out of the anther-tube, a, by the brush of hairs below thi* stiuiuii. 0, Mowei- 
in later, female stage, the stigma has opened, x 1|. E. Tip of aid hers w itli 
spreading stigma, s; a tuft of poilen-detaming hairs is seen on the inuesi 
anther; X 3. F, Fruit beginning to open (wdth reniains of llo wer), /, I h 
G. Seed, x 25. 

(fig. 268 , 1 )) j the valves are close under the calyx- 
lobes, when the fruit droops, as in G. rotundifoUa, G. latifoUa 
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(fig. 268, B)' and others, 'the valves are at the base of the fruit 
and therefore uppermost in space; thus in both cases some 
jerking of tliefruit is necessary to allow the escape of the small 
seeds. In Sjjecidaria the long slender capsule opens by three 
slits ill the upper part. On the other liaiid, in Ja^skme and 
Wakhj^bergia it dehisces by. valves, equal in number to the 
carpels, above the calyx-lobes. The capsule of Lobelia also 
opens lociilicidally by two valves above the persistent ca^yx 
(tig. 209, F). Rarely, as m Canarma and a few other genera, 
the pericarp is fleshy and the fruit a berry. In Spheiwdea, 
a genus vdth only one .species, a herbaceous marsh-plant 
widely distributed in the tropics, the two-celled capsule 
dehisces by means of a broad lid below the sepals. 

The Campaimloideae are with few' exceptions natives of the 
temperate zones reaching northwards into the frigid zone; many 
are alpine. The principal centre of development is the Medi- 
terranean region. The largest genus, Campanula, contains about 
230 species in the temperate regions of the northern hemisphere, 
especially the Mediterranean region, a few extending into the arctic 
area. It is represented in the southern hemisphere }>y Wahlen- 
hergia (100 species), a very \videiy distiibiited genus wdiieh occurs 
also in north temperate regions; Ub hedemrea, a Westoi'ii European 
species, occurs in the west and south of the British Isles. 

Lobelioideae are mainly ti’opical and soutli tem])erate. hut also 
occur in the north temperate zone. Lohelia has aliout 200 s]>eeies, 
generally distributed in hot and temperate legions; tw'o species 
occur in Europe, both of which are British — b. Dorfma}nta, which 
inhabits the margins of lakes in North Europe and Xortli America, 
and L. urens, a West European (\Vest Prance and Spain) species 
found rare!}' on heaths from Sussex to Cornwall. 

The family supplies maiw w^ell-known garden plants, es])eeialiy 
of the genera (Canter Bell, etc.) and Lobelia: the 

very common dw'arf blue species is L. Erimis, a native of the 
Cape. The fleshy roots- of .some species and the berries of Gamrima 
.and other genera are eaten; a fewc are used niedicinally ; the chief 
m Lobelia infflata, the ^'Indian tobacco '' of North America, .which 
.contains a volatile alkaloid, lobeiine. 

A small family of 11 genera and, about 300 species, mainly 
Australian. The plants are herbs or small shrubs without latex, 
with simple exstipulate' lea.ves and flowurs solitary’ and axillary 
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or in somewhat loose cymose- or racemose inflorescences. The 
flowers are bisexual, generally zygomorphio, and peiitanieroiis with 
reduction to two in the |)istil. The tube of the corolla is generally 
open on one side, and the petals' have often broad membranous 
wings. The^ stamens are nsnally free from the corolla; the 
anthers are introrse and free or united laterally. The flowers are 
proterandrous ; the pollen is passed into a coliectiiig cup at the 
end of the style before the floAver opens, the cup then almost 
closes, leaving a narrow opening covered bv hairs. The style heiais 
doAvn and stands in the mouth of the flower, visitors to which 
become dusted with the powdery pollen. Pollen is coiitinnally 
forced through the narrow opening by growth of the stigma-Iohes, 
which finally emerge to receive pollen in turn from visitors from 
another floArer. The form of the stigma \mries considerably in 
different genera. 

The pistil consists of tAvo median carpels ; theoAuirjris one- to two- 
chambered, generally inferior or half-inferior, rarely cjiiite superior. 
The ovules are generally anatropous and ascending! The fruit is 
usually a capsule dehiscing by valves, sometimes a drupe or nut. 
The straight embryo is generally surrounded by a fleshy end osperni. 

The family is Australian, but species of one of the largest 
genera, Scaevola, have spread to the Pacific Islands and the 
tropical coasts of both hemispheres; the fruit of this genus is 
drupaceous. It is allied to the subfamil}^ Lobelioideae of Cani- 
panulaceae, but is distinguished by absence of latex, the anatomicai 
structure of the stem, AA'hich has frequently an extra-fascicular 
cambium, and b}^ the further specialisation of the pollination- 
mechanism ill the develoximent of the characteristic pollen- 
collecting cup. 

Family III. STYLIDIACEAE 

A small iVustralian family of three genera, with about 120 
species (of Avhich more than 100 are included in Stylidmm) 
of herbs or small shrubs, sometimes moss-like in habit. Latex 
is absent. The leaves are exstipulate and generally narrow and 
grass-like, often forming a basal rosette from Avhich springs 
the elongated axis bearing a raceme of flowers. The flowers are 
bisexual or unisexual by abortion and have a pentamerous eaJyx 
and corolla, the sepals are generally free, the petals muted ])eiow 
AAdth limbs, four of which are generally similar, Avhile the 
anterior (labellum) is often different in form and bent doAvnwards. 
There are tAvo stamens which are united with the style to form 
the ‘'^column.’’ The extrorse anthers dehisce transAmrsely. The 
■two carpels, are median; the oA^ary.is'- inferior and, t-AVo-celled or 
' 'more or less completely one-celled- by disappearance of the septum. 
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and tlic^ plaeeulaticai raiiges iroin axile Ic) free-t*enl ra.| . Two shori 
stigmas alieniate with the anthers. The iiowers are proterujidrons 
and evideiilly eiituinn])hiious, Iri inaiiy sjieetes of the 

('ehiiiiii is seiwitire le toiieh; in its normal {josit.ion it is bent 
fonvai-ds and s])riiigs backwards when touclic‘d, aftc‘r which it 
gTadiiall\’' resumes the origlmil position. The fruit is a> caj^siihc 
genera Hy ( p aai ing sept ici dally. The nsiiatly .niirnert ms s< hh Im ve a* 
delicate coat and contain a very sra all. embryo iiia lh'‘shy liii losperni. 

The slem-stniciure is- peenliar. The primary vascidar bundles 
remain se}>arat(M! ]>y paienehymatoiis tissue uhi(‘h later bectnnes 
selereiichymatous. In species with an elongaled stem where 
secondary growth in thiekiiess takes place, new bum lies are 
developed outside tlu^ priniary ringy recalling tht‘ method of 
secondary growl Ii in Dracaena and Yucca. An intti-esting aii- 
atoinical ]>ecnliar!ty is the oblkpie position of the tall epitlermal 
cells in many species of StyUdiuffi giving the a])pearauee in section 
a several-layered epidcainis; this is associated with the pro- 
longed apical, grow til of the tmiing leaves^. . 

In some species of carbohydrate is stored in the form 

of iiiiilin. 

The peculiar habit and anatomical stnieturej and above all the 
high degree of specialisation in the- androeciuin and pistil, dis- 
tinguish the family from other memliers of the order. 


Family lY. GOMPOSIT.AE 

Flowers (florets) in lieads {eapitnla) or short >pikes* gmierally 
sessile and cdtlier subtended by scale-li,ke bracts, or l.iracts 
are absent; tlie head surrounded by a finv- or inanydeaved 
iiivoliicre of bracts. Flo.rets of a Jiead . q 

bisexual or uiiisexiial or 

dioecious), or .the outer (ray -florets) 

.female or asexual;. generally 5-merous 
and regular or inediaiily zygomorpliic. 

Calyx absent or represented by the 
pappus in the form of an epigynous 
ring, or hairs, bristles or scales, which per- 
sist in the fruit. Corolla gamopetaloxis, 
regular, .'bilabiate or ligulate. Stamens 
isomerous, inserted on the corolla- tube ; 
filaments generally fiee; anthers two -cel led, ami united 
laterally into a tube,, dehiscing, .introrsely l)y loiigitudinal 

1 See Burns, 0 . P. 2 :. Kenntniss d. Stylidiaeeen/’ Fh^ra. lxxnvii, 

m ( 1900 ). , .. ■ 
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^.-70. Diatirani of a 
bisexual tubular flower; y, 
dise, (After Fiehler.i 
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slits,; coiiiiective generally tlie anthers; 

stamms usually absent from the female flowers. Ovary 
inferior, unilocular, formed from two median carpels, eoii- 
taiiiiiig a single aiiatropoiis ascending ovule with one intcigii- 
ineiit; style slender, in the fertile flowers divided at the top 
into two limbs which are stigmatic on the inner face and, at 
least ill the bisexual flowers, bear hairs on the outer face or 
at the tip ; in the male flowers generally undivided. Fruit a 
one-seeded inferior achene;. (ej^psela^^ crowned by the 

persktent pappus. Seed , erect, filling the fruit, the" coat 
uniting with the pericarp ; endosperm absent; embryo straight 
with a. short inferior radicle and flat or semicyliiidrical, sonitv 
times involute cotyledons. 

Herbs or shrubs, rarely arborescent, with generally alt'eri:iat.e, 
more rarely opposite, exstipiilate leaves. 

Genera about 1000; species about 23,000. A very large 
cosmopolitan family, containing about one-tenth of the total 
number of flowering plants. 

The plants shew a remarkable diversity in habit. In the 
world-wide genus Senecio, the largest in the family, with 
about 2300 species, are included annual and perennial herbs, 
such as our British species 8, vulgaris (Groundsel) and 
S, Jacobaea (Ragwort), climbers, as the Eastern Asiatic 8. 
scandenSy and various tropical and South African species, 
midershrubs or shrubs, as in species in the Mediterranean 
region, South Africa, Canary and Sandwich Islands, fleshy 
herbs or shriibs, as in the section Kleinia. (mainly Cape) and 
trees with a simple or slightly branched stem bearing dense 
crowded heads of large leaves,, as in the tree Senecios of the 
mountains of tropical Africa, Madagascar and St Helena. 
Other species on the Andes of South x4merica liave creeping 
tufted stems, sometimes woody at the base, and here also 
occur shrubby species of heath-like habit with closely crowded 
narrow leaves. ' Marsh-plants occasionally occur in the faiiiily 
l:)ut . true water-plants, are rare^. ■ . , 

^ Hutchinson, J., in Gardeners' Ohronkle, lix, 305 (I0i«‘0, Unir 

actimticthcu'bs widely separated in systematic i30sition and geo,;fraphicai distri- 
butioii (species of Bidms from N. America, Cotula, S. Africa, and .ecr/^y and 
Brigemn, Mexico). They are small herbs mth slender stems, and having niuch, 
cut submerged leaves. 
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A tap-root is frequent, as in Dandeiioii, How-thistle and 
others, and may bear adventitious buds l)y means of which 
rapid vegetative propagation is ensiu’ed. J]) scnne <-ases the 
roots are tuberously thickened or bear tubers, as in Daliliu. 
In otiier.s, as perennial species of Hdiaiiflnia, tlie plant 
multiplies by stem-tubers produced on the rhizome: those of 
H. iuberoms (Jerusalem Artichoke) are edible. Effective 
vegetative propagation is en.sured bt* .short st(tlon.s, as in 
Beilis perevnis (Daisy), or the long runner.s of Achillea Mille- 
folkmi (Mlfoil). The stem is ino,st generally herbaceous, some- 
times undeveloped, giving a scapigerous habit, the dowering 
stem rising from a radical ro.sette of leaves, as in ]3andelion, 
and some Hawkweeds (HieracAum), or erect and more or less 
branched, a.s in Cichorium (Chicory) and Lapsana (Xipple- 
wort) ; the herbaceous stem may become shrubby below, as in 
Aiiemisia. Tanacetiim (Tansy) and others. The .siiffruticose 
or shrubby habit is also frequent and several videly separated 
genera are arborescent; the shrubby and arborescent habits 
are charactei’istic of i,sland- and mountain-flora.s : example.s are 
three small genera confined to St Helena, Wilkesia {Sandwich 
Islands) and (Ande.sof Quito); also the. small subtribe 

Tarchonanthinae. (Africa and Madagascar). The large genus 
Mikania (chieilj' tropical America) consi.st.s mostly of t winers, 
herbaceou.s or shrubby, and the South American Jiutlsia 
include.s shrubby cliraber.s, the midrib of the leaf ending in 
a .simple or branched tendril. A section of the large American 
genus Baccharis has a leaf -like winged stem, on which the 
leaves are often more or less suppressed ; its .species are natives 
of the Campos of Southern Brazil. In some xerophy tic species 
the branches become converted into thorns, as in Proiistia 
(Andes) and others. 

The leaves are generally alternate, though not infrequently 
crowded in radical rosettes. Opposite leaves are characteristic 
of many species and genera, ^and are the rule in the large 
tnhe Heliantheae (Sunflower, etc.); whorled leaves occur ex- 
ceptionally. Although simple, the leaves shew great diversity 
in size, form and depth of incision. In the tree Senecios they 
are very large and undmded. In xerophy tic specie.s they 
may be small and scale-like, or, as in Hoplophjilum , a small 
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genus ^ of ^ the Soiith African Karroo, 'converted into thonis. ' " . 
All ericoicl habit witli needle-like rolled leaves is character- 
istic of many genera and even subtribes, such as Relhamnae 
Mid AthHocinae (mainly South African). Harrow parallel- 
yeined leaves of moiiocotyledonous appearance are character- 
istic of a few genera, as Corymbmm (South Africa) and 
ScMedefidalia (Brazil), with the habit of an Eryngvmn. The 
venation is pinnate and the blade is entire or , more or less 
deeply cut between the lateral nerves. Though typically ex- 
stipulate, auricles are sometimes present at the leaf -base, as 
in Senecio and other genera; and decurrent leaves are widely 
distributed through the family, sometimes rendering the 
branches winged, as in Onopordon AcamtMuni (Cotton 
Thistle). 

There is also great variety in the mdumeiitum, often 
associated "with the nature of the habitat, from more or less 
complete absence of hairs, as in Dandelion, Daisy and others, 
to the thick felt characteristic of alpine or otherwise xero- 
pliytic plants, as Gnaphalium, Filago and others. Many 
species of Senecio have a loose cottony indumentum ; stellate 
hairs are frequent in the Hawkweeds (Hieraciuni). In 
Heliantlms and allied genera the hairs are surrounded at the 
base by silicified cells which after the fall of the hairs render 
the surface rough, as is characteristic of many Boraginaceae. 
Glandular hairs also occur, often rendering the plant sticky, 
as in Senecio viscosus, a local plant in Britain on waste dry 
groiind. The tribe Gynareae, which includes the various 
genera of thistles and thistle-like plants, is characterised by 
development of bristles and spines on the edge and surface 
j of the leaves and often also on the stem. 

^ The. tribe C ichor ieae is characterised by a system of . 

! laticiferous vessels which accompany the phloem-tissue ; they 

j ■ are formed by the disappearance of the transverse walls from 

. .longitudinal rows of cells and are also freely joined by cross- , 
iiiiions... Ill, the other tribes oil-containing passages occur in 
. the cortex, outside the vascular bundles, ruiming from the .root , 

1 through the. stem and generally continued into the leaf . 

The carbohydrate reserve-material inulin is dissolved in 
the cell-sap of the roots and tubers of many members of the 
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family, as Helianihm fuhemsiis (Jenisaleiu Articlmkc). Inula 
Helen iiuii and otliers. 

Tiie capitulmn is an iiidefimte infioresfenw. the fkiweis 
opening iii aeropetal succession, the yoiingesl lining in tlie 



Fig. 271. amtuiii<. A. Portian uf lieiul in Itiii-jitiniiiMl ."(‘ftian. 

B. Disf-liorrt in vertical vseetion, : 3. V. Fruit, ij. f). Fruit iti vertical 
section. L bracts of involucre: b, bract siibtendiiiii a >iiiule tluiet; r, ]*ay- 
lluret: d. tiise-i!on‘ts. 



Fig. 272. Er'hinop-s' glohifer, A. Conipoimd head, slightly reduced. B. A single 
head, x U. Floret, the corolla partly cut away, xh; r. eolieeting hairs 
on style. 


centre (.fig., 271, A). : It conveys the 'impression of. and is to 
some extent biologically; analogous. .'to, a single flow’er. The 
involucre of bractS' performs, the'., protective function of the 
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cal^x in tli6 bud ciiid also >sul>se(ju6iitly in cases whoi’p the 
heads close periodically, and ultimatelj'’ in the fruiting stage. 
Hie ray -florets play the part of an attractive corolla and the 
di.sc-florets the parts of the stamens and pistil. The number 
of florets in a head varies enormously from several thousands, 
as in the huge heads of some Sunflowers, to a shigle flower, 
as in EcUnops (fig. 272) and other genera, or in individunl 
species of certain genera, as Vernonia imifiora. Single-flowered 
heads are however generally associated in secondary heads, 
as in Eckinops, or in close corymbs. In few-flowered heads' 
the number of florets is often fairly constant. 

The shape of the floral or fruit-bearing axis also varies 
widely. It is usually flat or slightly convex, hut may be 
elongated and spike- or cone-like, as in Rudbechia (fig. 275) 
and Speilanthes, or, on the other hand, deeply concave, as in 
Epaltes (fig. 274). These two extremes are connected by inter- 
mediate forms. In Xmitlmm, where the heads are unisexual, 
the axis grows up romid the pair of female flowers which 
become c|uite buried, only the styles emerging through an 
apical aperture (fig. 277, C), The form of the head is corre- 
spondingly varied. The axis is solid, or, as in Matricaria, 
Trago'pogon and others, hollow; in the Sunflower it is filled 
with loose spongy tissue, in the true Artichoke {Cynara 
Scolynms) it is fleshy. In many of the tribes or subtribes each 
floret .stands in the axil of a bract— the so-called scales or 
paleae— as Heliantheae (e.g. Sunflower, fig. 271), Antlmm- 
dinae, in others, as Helenieae, CalenduUae (e.g. Marigold) these 
bracts are abssent. After removal of the flowers or fruits the 
receptacle is often smooth but in other cases variously pitted 
or tubercled at the places of insertion of the florets or fruits 
(fig. 279, E). 

The involucre may consist of a very large indefinite number 
of spirally arranged bracts (200 or even more), or the number 
is comparatively small and sometimes very definite; thus in 
the climbing genus MiJeania (fig. 273) there are four. In 
genera where the heads are few-flowered and united into 
secondary head.s,the primary heads may have very few bracts 
while the secondary head has an independent involucre; thus 
in the subtribe Angianthinae oi Inuleae (mainly Australian) 
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the very small lieads are one- to few-floweveii. wiUi involucres 
of two or few bracts; the secondary heads have' a ra'tnmon 
involucre and take the form of a normal eapilulmn or 
are elongated into cylindiical spikes giving tiu* ])lant a 
remarkable appearance. In the arborescent genus ir/f/rcs/u 
(Sandwidi Islands) a true involucre is absent and its ])lace 



Fig. 273. M'ikanki smndens, A. Portion. of plant, f nat. s;ize. B. Hoad of 
flowers, X 4; note the involucre of four bracts. C. I>isc-flc>ret in vertical 
section, x 10. D. Three stamens, x 14. E. Fruit surmounled pappus, x 0. 

is „tak;eii by a whorl of true floral bracts,, that is those which 
subtend the individual florets. This is assumed to be the case 
by a; comparison with the >llied genus Argijroriphiiok, in 
which a /true' involucre: is iollo wed by a series of female 
flowers, inside which is an inner. 'involucre formed from 
the true .floral bracts and enclosing- the bisexual flovx'rs. In 
iJr^WmXj/a.nionotypic ge.nus with the habit of Lycopodium, 
from : Bourbon, , thereis no true involucre, but the sma.1.1 heads 
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Stand at the end of the branchlets, the sinaU closely-crowded 
narrow leaves of which amply protect the few-flow^ered heads. 
\\liere the involucral bracts are arranged in several serie.s' 
diffeiences often occur between the members of each series, 
generally the outer are shorter than the inner; the outer may 
be so different as to suggest a distinct outer involucre, as iii 
Senecio, where, in addition to the upper series or inner 
involucre, there is in some species an outer involucre of 
smaller bracts. 

The consistence of tlie involucral bracts also shews great 
variety. They are in Simflower, tough and leathery 

ill the true Artichoke {Cynara), or more or less membranous 
or scale-like. Freciiiently they become dry and searioiis at 
the tip or margin or form , large dry-nieinbraiious -white 
or biightly’-coloiired attractive outgrowdhs simulating ray- 
florets as m Xeranthemu7n (Mediterranean), and the Ever- 
lastings (HeUckrysvmi). In the Carline thistle {Carlma tndgaris) 
the outer bracts are leafy and spreading with spiny-toothed 
margins, the inner are long, narrow, scarious, coloured and 
shilling, forming against the green background the attractive 
eienieiit of the head. The stiff, bristle-like edges of the bracts 
of Knapweed (Centaurea) and the stiff barbed point in 
Burdock (Lappa) are aids to scattering the fruits. In the 
section Calcitrapa of Centaurea the bracts are prolonged into 
strong stiff somewhat branched spines. 

The heads are sometimes solitary, either terminal or 
axillary. In some cases where a scape springs from a radical 
leaf-rosette the plant bears only one head, as in some HawA- 
Weeds, e.g. Jf. Pilosella (Moii^e-ear Hawkweed). Generally, 
however, the heads are associated in inflorescences, frequently 
paniculate, but also racemose., and cymose,, and often corym- 
bose in form. Reference lias already been made to the 
secondary heads .formed by association of a number of, small' 
heads and often possessing a common involucre. 

The form .of the flowers in the head' and the distribution 
of the sexes are also very varied. .In the' simplest case all. the 
heads are unif orm and the individual .florets of each head have 
the same form and the' same function; they are' then styled 
homogamoiis and probably represent the. original form from 

.38. ■/ 
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wliieli others ItRve Ixeii- derived. Jn the lioiiioo^ijiiuiis head 
the florets arc regular as in species of SeNceif^. Ah//w/o/vhfw/. 
(.Heiiip'-agdiuoiry). or two-lipped (many iiieiiiiH‘i‘> of flic lril)c 
i1/////.secfie). or ligiilate, as .in Cichorinm (Cliic*or\1. An eaiiy 
stage' ill fliiferiaitiatioii iB'represeiitefl In* ekisv< uiii‘re. as ofteri 
ill Daiideliora the corollas of the outer iiorcU-.^ ^hew a di hercaui* 
ill coioiir, iii this case- red on .the undersicka oi* art*, us if', 
many Jia/isa>ara better developed or shew siiuhi diifcrcnco 
in form, thus indicating a traiisition to tlie di^velopiuent td' 
distiiiet ray-tiorets, In the moiiotypie Amirahaii 
Schoe^na all the flowers are bisexual but ofdy the (.niter are 
' fertile. In the heterogaiiions head the dise~ri(jrel> are !}isexiuii 
and either fertile or functioiially male, while tlie marginal 
florets are female and more or less different in form from the 
disc-flo.rets (rudiments of stamens may be pri'-unit, as in 
^Tvssilago, Coltsfoot): in a further stage tlie roy'-florcts 
become merely attractive organs, a pistil i-. present but no 
fruit is formed, or the pistil is more or Uws i*tjm|>k*teiy sup- 
pressed and the. flower beeomes structurally and functionally 
asexual Jn a limited number of genera I he se|)arulinn of t!ie 
sexes is (*ompiett*, and male and female flower^ are borne on 
distinct iieads, either on the same plant, a'- Xanthhih^ (fig. 
277) (where the male hiuids are fonml at tlu^ (mds of the 
branehlets and the female lower down), and otijer 

genera of the same trilx*. or on distined fdant^. as in { he large 
American genus Baccharus, Fefasifes ( flutterdviir} is sni)- 
dioecious, the sepanttion of the sexes being ineoru})lete. 

Its usual functions having been relegated to the involucre, 
tlie calyx is rejiresented by a rndimenlary structure or be- 
comes fully developed only in the fruit, and functions as an 
orgau.for aiding dispersal In a few cases tlicre ,isjio trace of a 
.calyx, as in the snbtribe AmbrosiiHae (Xanthium, etc.) ; geiier- 
ally however the calyx develops as a small ring-like swelling 
round the base of the corolla, -which most frecpiently appears 
after the corolla and ataniens,- the position of the sepals l^eiiig 
indicated by five thickenings or, swellings at points alternating 
with the petals and, opppsite\the' stamens. This type recalls 
the reduced calyx of Umbeiliferae and many .Rubiaceae, Iji 
most eases a further development takes place to form a. 
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pappus, ^vhich is only fully developed when the fruit is ripe, 
ihe whole edge develops to form a toothed, notched or 
divided crown, or the pappus takes the form of scales or 
bristles corresponding in number and position to five sepals 
(or fewer), as in many members of the Heliantheae, for mstance 
(fig. 278, B), where there are two to foiu- barbed 
bristie.s, or Gaillardia, where there are five (or more) dry 



Fio. 274. K [Htltcs tjarkpin^^^ A. Head of flowers; x 4, B. Head in vertieul section, 
>; 2^; /, invoiuere. Several series of female flowers,/, are arranged on the, 
outside of tht* eoncave receptacle, the large disc-florets have both staimais 
and pistil hut do not produce fruit; they occiiiry the floor of the receptacle. 

A disc-tloret, X 12. D. A female (fertile) floret, x 12. E. Fruit, - 22. 
F. Receptacle surrounded by involucre of bracts after tlie fruits ha,ve 
fallen, x 2.}. 

iiieiiibraiioiis awned scales ; or there are an indefinite niuu])er 
of bristles or hairs (fig. 273, E), sometimes forming several 
coneeiitrie series, often difl:ering, m nature, or crowded into a 
de.iise tuft. , The outgrowths are. purely;- epidemial \devtdop- 
iiieots or the Hiiideiiying cell-layers also contribute, to their 
formation. 

It seems more in accordance with comparative morphology 
to regard the pappus as a development of tlie calyx, but it 

'■"t , 38-3,:"' 
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has also heen regarded as: representing iiiert'ly !rii*hoiiies or 
emergences. Jliieh has beeB 'wrilten as to Ihe I rue* homology 
of the pappiB and the discussion has been Mutinied ii|i by 
Eieliier (1875). who regards it as a modified eaiyx. and 
re(*eiit]y by Suiall (lOlO)? who concludes frtmi its genca'al 
liicdioiiH^-stiaietiire that it has no relation to a true calyx« 
Where, as in many Vernonkae and (Upiftmif. Ilica'c an* a- 
large number of hairs or bristles arranged in seve!‘ai MU‘ies of 
varying size, the less important serii^s may represent merely 
epig}’ii.ous outgrowths. 

The reguhir corolla has a shorter or longm* tube' |,)as,sirig 
gradually or suddenly into a broader eylindriea! funueh or it 
is bell-shaped opening with five teeth. The twielipped corolla, 
has an upper lip representing two and a lowei* lip representing 
three segments; in rare cases the upper lip re|)rc‘sents one 
and the loiver'lip four segments (as in the South American 
Barnadeski), The true ligiilate corolla is deeply split on the 
posterior side and prolonged on the anterior into a. strap- 
sliaped limb made up of all the segments, as indicated b^" the 
five teeth at the apex. This may be C‘ompared witli the 
arrangement of the segments in Tejicrium (I.a1>iatacd, where 
the upper li].) is dc‘<:‘plY cleft and the two !ob(‘s are l>ent 
towards the lower lip which tlms heeonu's live-lobed. hi the 
so-called falsely ligulate corolla the straj) is only fornusl of 
three petals, and represents a mmdedevelopisl lowm’ lip, the 
upper lip being ■ slightly developed or suppn^ssed. as in 
Calendida (M'arigold) (fig. 279, C). , , , 

The nervation of tlie corolla-limb Ls peculiar. GeiM'raily the 
main n,erves do not run,. as might bo expected from, a com- 
parison witli the mid-vein of a leaf, to tire apex of the segment- 
but tow^ards, the base, of' the notch between two segiiieiits 
(commissural nerves), below which the nerve forks sending a 
branch right and left to imite below^ the apex of the segment' 
with the. corresponding 'branch from the neiwe on either side 
.'(fig, 279, G); in. some cases a. midrib is also present, but is not 
connected .nvith the' commissuraT. nerves. In Sunflower the 
broad petals:'have numerGUsparallel nerves wtiieli aiuistoniose 
freehx 

The stamens are attached to the corolJa-tube and alternate 
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with its segments. The fflaments are with few exceptions 
flee j ixi S HyhiiDh and other memhers of the trihe OyfidT^aQ 
they are united to form a tube. In the aneinophilous subtribe 
the anthers are <^uite free, or only loosely united 
(iKctnthtuni, hg. 2 / / ) ; but the cohesion in the family generally 
is not very strong as the anthers may separate when the 
flower withers. The base of each anther-cell is sometimes 
rounded (tribe Eupatorieae), hut is often produced into a short 
or long tail, winch may mute with the adjacent tail of the . 
next anther, and serve to protect the nectary round the base ( 



of the style from access of water, and also more efiectively to 
close the end of the staminal tube and thus avoid waste of 
pollen (see Small, p. 37). The connective is with few ex- 
ceptions prolonged above the anther into a broad blunt 
appendage. The filaments are sometimes sensitive, as in 
Centaurea and others, and shorten on being touched (fig. 270). 

The ovary is formed from two median antero-posterior 
carpels Avhich imite at the edges ; the single ovide springs from 
the floor of the chamber, slightly below the centre, in front 
of the middle line of the anterior carpel (figs. 271, 275, B). 
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Except in asexual flowers' a long eylindriea! styl<‘ is present, 
siiiToiiiided at the base a ring-like or sliortly tubular 
nectary — tlie iie(3tary is absent in niany male The 

style generally divides at the apex into a pair oi: hiijger or 
shorter styde-ariiis am tbe inner faee of wliicdi ari^ bnim the 
stigmatic papillae; on the outer side are ll;ie polleii-coikaiJng 
liaiivs, at first appressed but afterwards spreading. The form 
of the style-arms and the distribution of the stiginai ic pa])illae 
and the collecting hairs'.' shew remarkal3'le iliflereiices in 
detail which afford characters for distinguishing tlie \-arious 
tribes and also genera. In species of Jrc/o/cv tht* style is 
sensitive to touch. 

■ The remarkable success of the Compositae, as eYklenced by its 
great ni'iiiierical prepoiideranee in genera and s}:>eeies f>ver other 
families, the abundance of many of its species, and its v'«.)rld-wide 
distribution, is at aiiy rate in part due to the admiral )le ada])tation 
of its flowers for cross-pollination by a great variety of iiiseet.s, 
H. Muller points out that Umbelliferae alone rank witii t’om- 
positae in regard to variety of insect-visitors, bur utiile in Um- 
belliferae the nectar lies exposed to the rain <m tlie c|>igynoiis 
disc and is thiis suitable only for shcirt-toriguccl insects, in tbm- 
positae it is secreted at the base of a narrotv tubular ctorulla, and^ 
as it accnmulates, rises into the ujder ])art of llic eoi'oila., where 
it then bee cun es accessible totheino.si short-tongiuvi insects, but is 
protected by the anthers from ram. It is thus acccnssibk* iiot only 
to short-tongiied insects but mtw be sucked Iw liees and Lepi- 
do])tera, and oliservation shews tliat most CVunpositac ai'e \’isit(*d 
to a greater extent or etmn principalh" liy tlR‘ most sptR'ialised. 
orders of insects^ . 

In addition to the plentiful supply of easily acc'cssihie nectar 
.wild its protection from ram, other factors are the close association 
of the flowers and the possession 'of a pollen-mechanism which 
'ensures eross-poiiination in the event of insect -visits. Aggregation 
: renders the flowers more conspicuous, and this may be iiK*reased 
'.by,. the florets, .being directed .outwards, as in Centaurea (Cbni- 
fi,o”\ver,. .Knapweed), or by „ the ligulate character of the corolla 
which becomes exaggerated towards the margin ctf the head, or 
hy the development of distinct ra 3 ^-florets, or sometimes, as in 
Carllm, by an inner series of conspieuons Involuciul bracts. 

The poileu-meehanism is similar to that alrt^a.d\ described for 
Lobelioideae, but shews 'greater- elaboration a-ud varied \\ The 

^ For an elaborate aeeount of pollmation-metho<ts in this fainily.seeU. .tUiller 
FcrtiU.'^aiio/i of Floirars. 
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iSiiifVfU-. juithfi^ !orui a hollow cylinder, and dehisce iidrorwlv 
iillmg the eyliuder with pollen before the flower opens. The 
slyle-iirni.s are at Hrst closely applied face to face in the lower part 
of the pollen-cylinder, and, as the style grows, brush the pollen 
out of t!!e rube l)y means of the hairs on their outer surface; utfi- 
inaloly they separate and expose their stigmatic surfaces. The 
iudrs f.inii a .simple ring round_ the style at the base of the arras' 
a.s Us ( '! Ilian ren (tig. 2d5) or Cirsiurn, or are aggregated in a tuft 
a.; t!ie ends of the arms, as in AcMlea md C%r!/mnthemu)n-, in 



f'inftnn'ta Jatra. A. Upper part of flower in first sta^e, x(>. 
!'». Soi'tinfi (}f aritlier-eylinder befoi'e poUen lias been shed, x 9. (\ End of 
rtnnoved from anther-cylinder, x9. D. Upper part of flower in sec'ond 
stime aftm' rtnnovai of tlie pollen; the style has elongated anil carried up 
lilt* now expanding stigmas {/). «, anther- cylinder; appendages of antlHU’s 
wide 1 1 at first close the top of the anther-cyimder; c, pollen; (h style; 
f, ring of sweeping hairs;/, stigmas; /<-, teeth on filaments w’hieli guard the 
nectar. (After U. i\I filler.) 

these c*ases they sweep the pollen before them as with a Innisli. 
In Olliers, as Dandelion or Leontodon, the ultimately ])rojecti]]g 
surface of tlie style is covered with hairs, among which the ])oll(‘ti- 
graiiis become entangied and are thus carried out (sec a, Iso tig. 
271 , B) . In some cases, as in Dandelion, in absence of insect -vis itoi's 
self- poll illation is rendered possible in bisexual tiowers hy llie 
style-arms ultimately curving backwards till their papillae come 
ill csjutact with the pollen; but the general perfection of the 
|K.)ile!i-iuecba.tiism is illustrated by the fact that tlie power of 
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self-poiliiiatioiilias to a great extent been lost. On thv t>ther Iiaiub 
in soiM^ spcM:*ie8 witli ineonspiciioiis heailH, sueh as *sV/n^r/f; ridyaris 
(Oroiiiiclsel), Avkere the small heads have no (?o!l^|H*euc)ils irmrgiiial 
tlorets and are \vay B|mringiy visited by insects, self- pul liiiatiou 
takes place regularly: the. pollen-gmiiis swept out by lht‘ liairs 
at the tip of the style reiiiaiii 'partly on the edgt‘ of the stigmas 
aiitl [jartly fall upon their inner faces when then" diverge. 

S]iiall has studied in detail the poilen-presentali«m iniFluinisiii 
and the corndation between the form of the antlier~tiil)i\ as deur- 
niineil by the presence and degree of develojnnent <d the ]iro- 
longatloiis of the connective above ■ the anther an« I of the ba.'^ai 
appendages, air! the ]3ositioii and character tif thi^ hairs on 
the style-arms. He regards these as the ex]iression of a tend eiiey 
to economy of polieiij the appendages providing for a sulticient 
leiigth of ]')olien-tiibe without encroaching on the pollen] feojns 
portion. An additional feature is the frei[neiit irritability' of the 
antiier-tnbe in response to a touch. This had long been knovii in 
several gemm, CeMamrea (fig. 276) and others: v'heii toiielied l^y 
an insect’s proboscis the filaments contract and by' drawing the 
aiither-tiibe downwards scpieeze some ]'>olkui out at the u|>|)er end 
at exactly' tlie right moment (fig. 276, A). The list was emisiderably 
extended hy Juel ; and the phemnnenou was shewii by' Kitiall to 
be of very' general oecurrtuice, .so!m‘ form of irritabilitv being 
ohserve<i in 2m] out of o6(> species and tarieiiiNs examim^ri (i.e. 
70 ])er cent.). The list of iiTita}>le species includes ab tlu.^ tribes 
and. the majority of the subtribes of the faiuily. In a hnv cases 
the pollen was merely presented at tlie month of the anilier-tubi* 
on toiicliing, but in tlte majority' there u'as aiso a, lateral mori‘- 
inent of the anther-tube, generally towards the tomfii : in a few 
eases [ik.rbent and Perezia) the pollen was extnuled s^lih almost 
explosive rapidity'. Irritaliility of Hh' styie has Ikhmi ixu'oi'ded 
only in three genera of the tribe ArefoPakae (l^imth Africa). The 
nieclianism is described in detail by' BmaJib closely a])press,i‘d 
style-arms emerge in the first (..male) stage of the tkuxu eo\'ered with, 
pollen and if touched move, quickly in the €lirecti«>n of the toucln 
Recovery is, rapid and irritability'- is regained in less than lialf-a- 
. .liiimite. 

' The marked proterandry'.'" of the ' fiorets,. associated with the 
■centripetal development in each. head, favours crossing betv'een 
_ separate nifioresce,nces. In cases, where the (level op rue,!it of the 
bisexual florets proceeds slowly from the margin itiwauxls, a.ii 
insect alighting on the, .head at the margin will, in early' stages of 
the lie.;id, visit po!]e,ii-bearirig florets only', and in later stages of 

^ Xom Phi/iologlsf, %ir, 216 
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the head hilJ. visit florets in the -second or female stage 'before' it 
reaches those in the male stage.(as in Bettis, Ghrysanihemum, etc.) ; 
ill iiiaii}' Cyuareue (as Cardmis), however, the florets open in sixeli 
qiiick sncceasioii that the head' is for a time purely male and 
afterwards for so'iiie time purely female. In the comparatively 
few cases wlieie the florets are all unisexual, the outer and first 
visited are feinaie and the imier functionally male, as mCalenchJa 
(Ma-rigolxi) (lig. 279), or the two kinds occur in separate heads, 
thus ensuring cixissqmllination. . 

A further deveiopmeiit of the condition referred to in the Ground" 
sek^ where the inconspicuous flowers depend almost entirely on 
self-polliiiatioii, is illustrated in ATtemisia and allied genera, in 



Fri;. 277. XunthifUf} orienlak, A. A male flower, x 12. B. The same in vertioc^l 
sf'ction. C. A female head, in vertical section, the two flowers are com- 
pletely enveloped in the receptacle, x 4. B. .Female flower, x 4. E. Head 
in fniit in, vtaflical section, slightly enlarged. The female receptacle is 
eovei'ed on tiie outside with stiff hooked spines. (0, D, E after Baillon.) 

which many species have become adapted for wind-pollination. 
.'Delpino has tracch the steps by which tliis may be assumed. 1o 
liihxe occurred, through suppression of the eorolia of the female 
llov'cr and elongation of the style, the pollen at the same time be- 
etuniiigdry and powdery. The smaU subtribe A 
iig. 277) is completely anemophilous, the flowers and frequent])' 
the capituia are unisexual; the corolla of the female flowers is 
more or less suppressed and the stigmas are much elongated; the 
functionally male heads are small and pendulous, the corolla of 
the male florets has a short tube, the anthers are slightly associated 
or free, the pollen is often quite smooth, and there is no 

nectary. Goebel finds evidence of an insect -pollinated ancestry 
ill thefrecpK^ut spinose thickenmgof the extine/ of the polien-gTO^ 
and ill the hairiness of the rudimentary stigma of the male flow'er. 
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Tlie fruit rarely sorncATiiat fleshy aial vnrh^^ in >!iai)e 
from eyliiidrical to ' inserted, pyiw or nr etuu- 

j 3 i*esf<e(!: the fieriearp is timwseal .l:n* Hvo rn iieia’ON. 

wiiieli may ])roject as ribs or wings. There* are iiiiiiica’uiis 
coiiirivaiiees for ensiinug’distfibiition. Duimia liu‘ rf|H.adng 
of the fruit: the liead is' enelosed I'ly the iiGmiiiern! hraels 
which wfieii the fruit is ripe stand tweet nr betid riglil baek; 
this iiioveiiieiit may be checked by fhurip weather, wiiich 
would be unfavourable foj‘ scattering the frnim. in 
oleracpjfi^ (8ow~tlhstle) the fruits are jtresMnl out f>y the 
bending; in of the bracts, the lower parts of wlsieh become 
iiltimately applied to the receptacle, and lTdd(‘brand has 
described a similar iiietliod in the large glol)o>e heads of 
SihfbuiN Ilarnnuim (Milk--tMstle). The iiollou- broad eliih- 
sliaped pediiiicle of Zinnia. Jjiiosen^ and cthei's favoims 
povement of the ripe heads by tlie uiiid. The wind also 
scatters the fruits from tlie drooping heacU oi in 

which tlie fruits are detained in still air by the withered 
perianths which are pressed together lietw'cen the iinailueral 
bracts. In O'orferia^ n small .South African genus of annual 
herbs, the few-flowered tt^rminal lu'ads are envelo]H.Ml in the 
fruit by spinc^^poiiited bracts, and are <li>tri!,)uted uithoiit 
breaking up: the spines serve to aiichor the luud in the soil, 
and a single setal germinates, the root growing downwards 
tlirough the Jiole formed by the detaehmont of tiie head 
from the peduncle, and/ the stem ipiwanls betwciai the 
bracts; as the fruit does not leave the head the pericarp 
remains thin. 

Direct aids to distribution by the win<l are fouufl in the chaffy 
character of the small fruits, as in many Anilnmififftt. or a 
cohering of loose woolly hairs on the fruit itsedf {TtarhiniaHlhuA 
or on the bract {Erioeejilialus): or more generally in the parachute 
development of the pappus, wdiich also favours distrihutio!i hy 
water, as the biibliles of air imprisoned between the hairs a,et as 
afloat. The variety in the form of devekpiment of the ]'fappus 
supplies cliaracters for the distinetioii of geiiCTa or smaller grou|>s 
of species; the hairs spring directly from the to]) of tlu* fruit, as in 
the Thistles, or are carried upon a slender beak-like dcnalopment 
of the fruit, as in Damlelion; or. the , individual ha-irs juay be 
smooth, or rough or feathery, sometimes, as in Trafiapagon (fig. 
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2TS, _A). tlK'Y are woven into a delicate web by transverse con- 
neetions. In other eases, as (?ajZZaf(iia, the pappus consists of a 
whorl ot l.road_ light_ scales. Wing-like developments sometimes 
oceiir ini the nides^of the fruits, as in Fef6esmadtwa-wi3iged) or 
Tfijilefis (three-winged) or the bract subtending the female 
ii.nver forms^ aii enveloping wing, or, as in the feinale Howers of 
Zin 111 ( 1 . t!i(' Hat iigular corolla persists in the fruit as a broad wing. 
The fruit of /ttoO’.s- maritima (Gott on-weed), which is Avidely di's- 
tvibut(‘(l on the shores of the Mediterranean and of the Atlantic 
from ilritaiu (rare) to the Canaries, floats hv means of a spongy 
development of the persistent corolla-tube,' which grows dowii- 
Avards and surrounds the greater part of the fruit. 



Fio. :!78. Fruit of A, Tmtjopogon major, slightly reduced; B, Bidens cmt,wt, x 5. 

In other cases spine- or hook-developments ensure distribution 
by means of the fur of mammals or the feathers of birds. Such 
are the fcAV stiff many-barbed pappus-bristles of Bidms (fig. 278) 
and allied genera, the hooked spjnes covering the outside of the 
involucral bracts of Xanthmm (fig. 277, E) or the familiar stiff 
spreading hooked tips of the bracts of Bm’dock, which cause the 
AAhole head to be carried off. In Tragoceros, a small Mexican 
genus allied to Zinnia, the corolla of the female floAver persists in 
the fruit and becomes bent back, forming a stiff simple or double 
hook. In Siegesbechia orientalis, a species widely distribuletl in 
the warmer regions of the whole world, the involucra] and smaller 
lioral bracts bear sticky glandular hairs to which individual 
fruits adhere and are thus transported. A very exceptional case 
is afifordetl by the small tropical American genus where 

a large bract encloses the small head, containing only one female 
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flower, aiK'l liivoinen I leshy. in t lie friiitkig stage and is pr(‘HiiiHa1)ly 
attractive to birds. 

Ill sonie geiieiu the fruits are polymorphic on same head, 
as is well secii in the common Marigold (Calewhila nJpriNali,^) 
(Hg. 2711), where the outermost are mncli elongated, with small 
s])iiies on tlie liack, often beaked at the tip, and with a process 



Fu;. :279. < vlfirintdis, A. I)ls<>fl.oret» pollen -bea lirig, >; S. At One 
antlier troni diuin*. B, Infertile stigma of dise-floret, x ]r>. i.\ Bay-tioret, 
pistillate, x 8, I). Top of style of same, x Ki E. Head of fruits, the sterile 
dise-ilorets have dropped, slightfy enlarged. E. An outer fruit. O. A fruit of 
the second type. 11. Haine in longitudinal .section. I. One of the innermost 
fruits. F-H nearly three times nat. size. 

near the base.; the, next set. have broad wings inrolied at tlie^ 
inargiii and are witliont a beak .and ' the innerniost are much 
incnii^Td, .often forin,ing a.Ting,. andvhave also narrow iii\nhite 
wings. Pethybridge .has .recently noted a differeuee in shape be- 
tween a fen^ of tlie outer fruits and the rest, in the head of Picris 
echioides. 

Many numihcrs of the family are of eeononiie or mediciual value 
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from t!ie presence of ethereal and fatty oils, resins and bitter 
|)iiiiciples. Among those of medicinal yalne MeA7it]iemis nobilis 
{(Immoiiiile), Anuca monta;na, species- of Artemisia (Wormwood) 
and Tassiif&jc* (C'oltsfoot). The; seeds of :some are ric^ 

ill a fatty oil, especially Siinfio\ver {H, annuus), which is cultivated 
for tills in various ])a..rts of Europe, Egjrpt and India. Insect- 
powder is p!*i‘])ared from Glirysantliemum roseum and cameum. ; 
Af'lfrioslejrmni ftncloriiuti and CmiJmmtis (Safflower) yield 

ooluiiring matters. The young leaves of many species are eaten 
as salad; such are l.ettiice {Lactmca sativa), Endive {Cichorimn 
Erfdiria), Dandelion, etc. The young shoots of Scolymits Imprimis 
am! mHCuliiias are eaten in the sontli of Europe as asparagus, 
and the roots of species oi 8c0fZ07iera, the tubers of Helkmthis 
fv.berosifs (Jerusalein Artichoke), and the heads of CynaraScohjmus 
(Artichoke) as vegetables. The ground roasted root of Cicliormm 
Iniyhus is Chicory, the common adulterant of coffee. Ornamental 
plants are niniierous, BaJilia, Aster (including the Michaelmas 
baisv), Agemfam, Coreoims, Zinnia, Eelianilms, Calendula, . 
Tagefes (French i\Iarigokl), Gaillardia, Helickrysum (Everlastings ^ 
or iimiK>rtelles) and many others. 

■'.rhe family is subdivided into 13 tribes included in two groups, 

I. TrBrLiPLORAE (iiiciuding the Lahiatiflorae). Laticiferoiis 
"vessels absent, schizogenous oil-passages freciuent. Corolla of 

the disc-Horets not iigulate. Tribes 1-12. 

II. LiorLiFLOUAE. Anastomosing laticiferous vessels present, 
oil-containing passages . very rare. Corolla of all the flowers 
iigulate. Tribe 13, Cichorieae . . 

Tribe 1. Veiiiondeae. Heads homogamoiis ; corolla tubular and 
re<Yular with five narrow lobes, never yellowy anthers at the 
liase sagittate, biiint, or more rarely short-tailed, with filaments 
inserted high above the base; style generally deeply divided 
into twa> long semi-cylindrical pointed limbs; pappus usually 
setose and copious. Herbs, shrubs or small trees with generally 

.alternate- leaves. Mainly American, . especially tropical less 

mimeroiis' ill Africa' (many species; of and Asia; a 

few^. inC Australia; not represented in Europe. ^ lerm^m (om 

species) ; F. cfwerea occurs throughout 

Tribe *> Eupafoneae. Heads homogamous; corolla tubular and 
remihir w4 generally five short teeth, never pure yellow;; 
ardhers bhud: at theCbase, basifixed, styled Bcmn 

cvlindrieal. sometimes club-shaped or flattened at dh ^ 
collect ing liairs on the outside, also on the inside of the lim v 
above tlie stigmatic surfaces,-, which form a pair of marginal 
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lines;' pappus often of 5 to oo. bristles or of scales, sometimes 

■ absent. Herbs or shrubs. Leaves opposite or alternate, soiiietiiiies 
whoiiecl. The large genus Eupatormm (over 400 species) has a 
few representatives in the Old World: E. cannaJbimim (Heiiip- 
itgriiiioiiy) is British. Agerai/um.conyzoides is a wkkdy distributed 
weed tliroiigho lit the tropics. Milcania 273), 150 species 
mostly Brazilian, some twining. ' 

Tribe 3. Astereo.t, Heads heterogainous with i‘ay-fiorets female 
or neuter and disc-llorets bisexual or male, rarely liomogainoiis ; 
corolla of all the florets, or of the disc -florets regular; anthers 
as in tribe (2) ; style-arms flat, stigmatic surfaces forming a pair 
of strongi}.^ marked, .marginal lines above which is a shorter or 
longer portion densely covered on the . outside ' with collecting 
hairs ; pappus various. Mostly herbaceous perennials, or sonie- 
■ times annuals, but a few southern or insular genera are shrubby, 
as Felicia (South Africa), Olearia (Australasia), T etramolopium 
(Sandwich Is.). Distribution wor.ld-wide but more in the tem- 
perate than in the tropical zones ; about twice as many species 
in the 'New World as in the Old. SoUdago Virgamreu (Goideii-rod) 
occurs throughout the north temperate zone ; many species are 
aggressive coio.iiists, such as Beilis perennis (Daisy), a European 
species which has become naturalised in North America, and 
American species of Aster ^ Erigeron and SoUdago siiniiarlj" in 
Europe. Erigeron canadensis, a common North American weed, 
has become ividely diffused throughout the world. British 
genera, Aster, Erigeron, Beilis, SoUdago. Olearia, 90 species, 
^Australasian. Gonyza, 50 species, tropical. Baccliaris, 300 
species, tropical American, has dioecious or poiygamo-dioecioiis 
heads. 

Tribe 4. hmleae. Heads heterogainous or homogamous; corolla 
of all, or of the disc-florets only, regular, ivith four or five short 
teeth or lobes, usually yellow. xAnthers tailed; style-arms 
various, without terminal appendages; pappus usually setose 
with simple or plumose bristles. Habit various ; leaves generally 
alternate, often with %voolly hairs, sometimes heath-like. Widely 
distributed. Tarchonantlms, a few south and tropical African 
species of small dioecious trees wdth leaves smelling of camphor. 

■ British ge.nera, Inula species, Europe, Asia, Africa)., Puli- 
. caria (30 species, ’ mainly , Mediterranean), Gmphcdmm (120 

, species, temperate and subtropical), (12 species,, north. 

^ .' .temperate of .Old .World). Leontopodmm alpinum is Edelweis^s. 
Raoillia, mainly New Zealand, forms thick cushion-like growths 
on the mountains. ()*:Vegetabie .sheep’^').. Helichrysuni (Ever- 
lastings), 300 species, especially South African., Montmpermum 
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-pygDUteum (Hose of Jericlio) is a. small shrubby plant in wiiicli, 
the iii\^oliicrai bracts close over the .fruiting head in the dry 
and rapidly open in the damp, to allow the fruits to escape 
under circiiinstances favourable for germination. Epaltea (fig. 
274), a siiiail genus in the warmer parts of both lieiiiisplieres ; 
several series of fe].iiaie flowers occur on the outside of the head ; 
the disc contains bisexual but usually sterile florets. 

Tril>e 5. Hehantheae, Heads heterogamous, with female or 
neuter ra^'diorets and fertile or sterile bisexual disc -florets ; 
more rarel\^ homogaiiious. Iiiyolucral bracts often iiiibricated 
iii. severa.i rows find more or less herbaceous without scarious 
edges; florets subtended by scale-bracts;- corolla of disc-florets 
regular with ti.ve or rarefy four short lobes, general],y ^adlow^ 
of female and neuter florets ligulate and trinieroiis, of t,he same 
colour as the disc-florets; anthers blunt or rounded at the base 
or acute, without tails, basifixed; a crown of collecting hairs is 
present on the style-arms, and is sometimes coiitiniied down- 
wards, as ill Heliimikus; pappus various but. not hairy, generally 
of two or three rigid awns or scales corresponding with the 
pri.iicipal ribs of the fruit. Usually rather coarse herbs or 
shrubs, rarel}’- trees, with usually, opposite, leaves. A large 
tribe, mainly American, though some of the American genera 
are represented in the Old World, such as Bidms (90 species), 
widely distributed in temperate and trojiical countries (two 
British). Some American species have become widely natural- 
ised, such as Galinsoga parviflora, a small annual herb with 
small yelloir heads, native of Peru, which has spread widely in 
the wnniier and temperate parts of the world and is found in 
cultivated fields and by road-sides in Surrey and Middlesex; 
and XmitMum spjrnostim, probably of South American origin, 
but non widely distributed. A small number of genera are 
restricted to limited areas in the Old World. There are 10 sub- 
tribes. The xlnibrosiinae, as already noted, are aaemophilous 
forms with small few-flowered heads and reduced flowers; thej'^ 
are mainfy American hut A^nhrosia and Xmitlmiwh occur also 
in the oid World. Zimiia, 12 species, North America and 
Mexico; Z. elegans a garden plant. Helianthms, 55 
American: E. cmmms (Sunflower) is a native of Mexico: H. 
di/jerosmv (Jerusalem Artichoke) of North America. Coreopsis, 
70 ' species, inainfy American. Dahlia, nine species, Mexico. 

, BiidbecMa (fig. 275),: 30 species in North America, 

Tribe 6. Helenieae. Rese:mbies. the last tribe,' but floiul brac^^^^ 
not present on the receptacle.. Mainly Mexican and Pacific North 
American. HelenmmMaillardia, TagMesp>YQ met with in gardens. 
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'Tribe ' ?.; Anthemideae, Eesembles. HeUantheae,. but tbe iii^ 

' volucrai ' bracts liiwe a scarious margin. Pap|)iis absent or 
' reduced to a ring or cup. Generally. herbs, sometimes shrubs, 
with generally alternate often 'pinnately divided leaves. Jn^ 
eludes two large subtribes; AiitJiemidinaeywith floral bracts on 
the xece-pt^de, md GhrysanfM^^ without floral bracts. The 
foriner are niainiy Old World: Anthemis, 100 species, Europe 
and Mecliterranean, has three British, including d. nobilis 
(Ghainomile) ; AcMUea, 100 species, north temperate, has two 
BTitidh-~-A, lliUefolmm (YaiTow) is widel}^ distributed in north 
temperate regions. To the second snbtribe belong Matricaria ^ 
50 species, mostly in Europe (two British), Africa and Western 
Asia; M. maveolem, a North American species, has recently 
spread throughout Britain; ChrysafitJiemum, 200 species, niainiy 
north temperate Old World, several widely naturalised; British 
arO; ( 7 ., segetmm (Corn Marigold), ' C, Leumntliemum (Ox-eye 
# Daisy), ^ (7. Parthenmm (Pever-few); C, incUemn. and sirmtse, 
natives of China and Japan, are the source of the cultivated 
Chrysanthemums ; Artemisia, 200 species, north temperate zone, 
four British ; Tanacehim (Taiisj^) (British) . 

Tribe 8. Senecmieae, Flowers hoinogamous or more frequently 
heterogamous. Involucre generail}' of a series of similar bracts, 
sometimes more or less united below into a cup, with frequently 
an additional outer series of shorter scales ; receptacle generally 
without floral bracts; style and anthers as in HeUantheae, but 
pappus hairy. Herbs, shrubs or sometimes trees, with generally 
alternate leaves. Widely distributed. Tussilago (north tem- 
perate Old World, introduced in North America) (Coltsfoot). 
:Petasites (14 species, north temperate); P. Jiybridus is British. 
Arnica. Doro7iicum, 25 species, north temperate Old World. 
Cinemria,. 26 species, mainly South African. Pewrfo, about 
2300 species, wvorM -wide; 8. cruenta, a native of the Caiiaiy 
Islands, is the source of the greenhouse Cinerarias, 

Tribe 9, Oalendulewe. Heads heterogamous, with female, 
generally ligulate, ray-florets and sterile regular yellow or 
' . orange disc-florets; floral bracts absent; anthers pointed at the 
base (flg., 279, A'); pappms absent, : Herbs or shrubs with 
.. . . generally alternate leaves,. A small tribe, mainly South African, 
Calendula, 20 • species, .Mediterranean; C, officinalis is the 
African Marigold of gardens. 

Tribe 10. Arclotideac: Heads heterogamous, with ligulate, feniaie 
or sterile ray-florets ; anthers blunt pointed at the base ; pappus 
absent or if present not hairy., A small tribe, .mainly South 
African, also mountains of tropical Wfrica. Mrci^oM^.' Gazania. 
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Tribe 11 . Cynarem. Tliistle group. Heads homogamouSy or 
witli nentery rarely femaiey not ligulate, . ray-florets. Involucre 
of many series, increasing in length inwards, often thorny; 
receptacle covered with numerous ■ bristles ; anthers generally 
tailed; style thickened beneath the arms and bearing the 
collecting hairs there (fig. 272, C),.or with a dense crown of 
coliecting hairs beneath the arms; pappus generally hairy. 
Generally herbs with alternate prieldy or spiny leaves. The 
chief centre is the Mediterranean region. EcMnops (fig. 272) 
(70 species, Europe, Asia, north tropical Africa) has one- 
flowered heads grouped in secondary heads. Cadina, 20 species, 
Canary Islands and Europe to Central Asia; C, vulgaris (British, 
Carliiie-thistie) . Arctium, six species (British), Europe, temperate 
Asia (Burdock). Carduus, 100 species, Europe (British), iksia, 
West x4frica, the trueTliistles. Girsiimi, north temperate (British). 
Onopordon, Europe (British), N. Africa, West Asia, (Cotton- 
thistle). Oynara, 11 species, Mediterranean; (7. Scolymm (Arti- 
choke). Silybum (Milk-thistle), West Europe (British), Mediter- 
ranean. Serrat'ida tinctoria (Saw-wort) (British) yields a yellow 
dj^'e. Gentaurea, 500 species, mostly north temperate, especially 
Mediterranean; five British; G. nigra (Knapweed), ( 7 . Gyanus 
(Blue-bottle or Cornflower), G. Galcitrapa (Star-thistle). Gar- 
tliamus tinctoria (Safflower), Mediterranean, the flowers 3deld a 
red dye. 


Tribe 12. Mntisiem. Heads hoinogamous or heterogamoiis. 
Ray-florets bilabiate or absent, rarely ligulate; disc-florets 
regular with a deeply divided limb, or bilabiate. Mainly 
developed in the South American Andine region. MvMsia, 60 
species, South American, generally shrubby climbers with leaf- 
tendrils, Gerhera, 40 species, perennial herbs, warmer parts of 
Africa and Asia, one in Tasmania. . 

Tribe 13, Cichorieae. Ligulifloral. Heads homogamous ; corolla 
ligulate, truncate and five-toothed; anthers sagittate at the 
base; style- branches slender, papillose. Achenes usually narrow 
or flat, and sometimes produced into a slender beak bearing 
the pappus, which has usually one or more rows of simple or 
pluiiiose bristles. Herbs, rarely shrubs; trees only in two allied 
genera, Dendroseris {Jumj Fernandez) Sbiid Fitchia (South Sea 
Islands) ; with generally yellow flow’ers. Widely distributed, hut 
^ especially Old World, and less.; numerous in the southern hemi- 
, sphere. Many .genera in. the.. Mediterranean region; others are 
localised in Western America and Mexico. Cichorium, eight 
species, 'north' temperate Old World, especially Mediterranean; 
0 . , (Chicory) , is British, G. Fndivia (EndiYe), Medi- 
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■ terraiieaii. Lapsana, nine species, north temperate; ' L. com- 
(Nipplewort), British. Grepis, 200 species, mainly north 
temperate Old World (British). Hieracium (Hawkweeds), 400, 
mainly north temperate and andine, a remarkably polymorphic 
genus (British). Hypochaeris (Cat’s-ear), 50 species, temperate 
(British). Leontodon (Hawk-bit), 50 species, Europe (British), 
Central Asia, Mediterranean, Taraxacum (Dandelion), 25 species, 
mainly temperate and cold zone of Europe (British) and Asia. 
Lactuca, 100 sjjecies, mainly Old World (British); L. sativa 
(Lettuce). So 7 icIms (Sowthistle), widely distributed in the Old 
World (British), one in New Zealand. Tragopogon (Goat's- 
beard), 40 species, Europe (British) to Central Asia, Medi- 
terranean; T. porrifoUus (Salsify) has edible roots. Scorzonera, 
100 species, from Central Europe and the Mediterranean to 
Central Asia ; the roots of S. hispanica are eaten like Salsify* 

As regards the relative antiquity of the tribes of Compositae, 
Bentham considered that the Heliantheae contained the more 
primitive characters^, such as the more leaf -like outer bracts of 
the involucre, the bracts subtending the flowers more normally 
developed and more firmly attached, the calyx-limb less trans- 
formed, consisting frequently of persistent teeth or awns directly 
continuous with the ribs of the ovary, and the anthers in some 
genera less firmly united. On the other hand, the Cichorieae 
suggest the most recent development in tliat the uniformity of 
structure of flower and fruit is greater than in any other tribe, 
the pappus is of a type shewing the least resemblance to a calj^x- 
limb and the reeeptacuiar scales when present are among the 
least like ordinary bracts. In his classical essay on the Compositae 
Bentham suggests the course of development of the various tribes 
from a primitive form having regular gamopetalous flo^vers with 
an inferior ovary, isomerous and probably pentamerous calj^^x, 
corolla and stamens, a bicarpeilary pistil but with the ovary 
reduced to a single cell with one erect ovule, the seed without 
endosperm and enclosed in an indehiscent pericarp. Such a 
flower-form resembles that of present-day Rubiaceae, but with a 
reduction in the gynoecium, and might well be an offshoot of the 
same group or plexus to which Rubiaceae and allied families owe 
their origin. By gradual consolidation the bracts have crowded 
round the condensed flowers and usurped the functions of the 
calyx-limb which has become reduced or transformed for the new 
duty of fruit-dispersal; the corollas have become contracted or 
the outer ones variously developed in form and colour to assist in 
the process of cross-pollination, and the anthers have become 

^ Hutchmson has recently expressed the same opinion. 
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umted, as in the Lobeiioideae' section of Campantilaceae, and the 
styles modified to assist in the discharge of the pollen. The reduc- 
tion of the bisexual to the xinisexuai flower may have preceded 
or followed some or all of these changes. To account for the 
present day distribution of the various tribes, Bentham suggests 
that several of these changes had taken place at , a very early 
period, previously to the disruption or stoppage of communication 
between what are now the tropical regions of the globe, and that 
several important modifications existed, such as (1) the regular 
and uniform tubular development of the corolla, accompanied hy 
more or less suppression of the inner bracts and of the noniiai 
calyx-limb and substitution of a papxDus; (2) the reduction of the 
corolla-limb, attended frequently by a sexual dimorphism, and 
oblique develo|)ment of the outer female corollas ; and (3), perhaps 
at a later |)eriod, the uniform unilateral development of the whole 
of the corollas, accom|3anied usually by a suppression of the 
inner bracts and conversion of the calyx-limb into the pappus. 
From the first of these forms would have sprung the Eupatorieae 
in America, the Vemonieae (|)robably in the New World, but 
early sj)reading into the Old World), the Cynareae in the northern 
and the liutisieae in the southern hemisphere ; from the second 
form would have arisen, first, the Heliantheae, originating j)rob- 
aldy in the New World and spreading into the Old; secondly, the 
Heienieae in America, and the Ayithemideae in the Old World; 
and thirdly the Astereae, the Senecioneae and the hiuleae. From 
the third form have deveio|)ed the Cicliorieae. 

More recently Small has suggested that Senecio w^as the first 
genus of the Compositae to come into existence and that from, it 
are derived directly or indirectly all the other genera of the family. 
He maintains that tliis theory is supported by the details of 
floral morphology, physiology and cytology, as well as by the 
geographical distribution of the genus. But the genus Senecio 
represents a stage of specialisation already well advanced and it 
seems probable that many less specialised forms existed from 
which the |)resent day Compositae have arisen. Bentham’s 
indication of the nature of these forms seems to offer a more 
pMlosoj)hicai exj)lanation. 

Remains of the Compositae, mainly fruits, are recorded from 
Tertiary deposits extending as far back as the lower Oiigocene. 
They indicate the presence of Compositae resembling those of 
genera existing at .the ,p»resent day. 
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Abele,^10 

Abro-nui, 108 

Abms, 369; seed, 364 

Abutilon, 248, 249, 250, 251, 253 

Acacia^ 366; eotvledonSj 349; leaf, 351; 

gum, 353 ; fiower, 354, 355 
AcnonfU 344 
Acaljipheae, 265 
Acanthaceae, 544 
Acantlioideae, 546, 547 
Acantbolimo)}, 443, 445, 446 
Aca^ifhosicj/os, 220 
AnnUhus, 544, 545 
Acer, 297, 298, 299, 300 
Aceraceae, 297 

Achillea, 608; habit, 588; pollination, 
599 

Achinmies, 535, 536 

Achhjs, 150 

Achras, 449, 450 

Achyranthes, 104 

Acioa, 347 

Aciphylla, 412, 417 

Aconiitim, 138, 143, 144; fiower, 140 

Actma, 139, 142; flower, 143; fruit, 144 

Adansonia, 254 

Adcma, 212 

Adeniuiu 4(>9 

Adcno^lentMtt 605 

Adonic 145, 146 

Adihca, uifif, 567 

Adoxaceae, 566 

Aegiceras, 437 

Aegifliila, 504 

Aerim, 105 

AesckymMlmSj 533, 536 
Aeschynomene, 350, 365 
, Aescuhis, 302; tiewer, 298 
Aethma, A12, 419 
AgaUa, 208 
Agdestis, 109 
Ageratmn, 605 
Agrimonia, 338, 344 
AilaMhus, 290 
Aizoaceae, 111, 94 
Aizoeae, 115 
, 'Aizoon, 115 

506, 510, 513; fruit, 512 
Ajugoicleae, 512, 513 
Ahehid ^ lol 
Alangiaceae, 422 
Alangium, 422 
554 

Alberlrae, 560 


Ahhemilla, 336; flower, 338, 339, 344 
Alchornea, polyembryonj^ 263 
Alder, see Alnus 

AMrovaiida, 193, 194, 196, 197, 198 

Aletirites, 264 

Alexandra, 98 

Alkane t, see Alhanna 

Alkanna, 494, 496 

AUmnanda, 470, 472 

All-heal, see Valeria7ia, 571 

Alligator Pear, 138 

Almond, see Amygdalm 

Alnaster, 25 

Alnus, 28, 29, 24-26; pollination, 26 

AlpMtonia, 310 

Alseuosniia, 566 

Alsine, see Minuartia 

Alsineae, 121 

Alsinoideae, 119, 123; pollination, 122 

Alsodeia, see Binorea 

Alstonia, 469 

AlfJiaea, 248, 251, 253 

Altmgia, 332 

Alyssmeae, 186 

Alyssum, 186 

Amarantaceae, 102, 94 

Amaranfeae, 105 

Amara7iUis, 105 

Amblyanilms, 437 

Ambrosia, 594, 607 

Anih'osiinae, 594, 607 ; pollination, 
597, 601 

Amhulia, 524, 525 

Amherstia, flower, 356 

Amherstieae, 366 

A7nma7iia, 375 

A'imnmeae, 419 

A^norpha, flower, 358, 359 

Ampelopsis, 312; see Pafthenocissiis 

Amygdalm, 346 

Anacardiaceae, 292 

Anacardium, 293, 294 

Anagallis, 439, 442, 443; flower, 440 

Anagyris, 367 ^ 

Anastatica, 185 
Anatto, 202 
Anchieta, 208 

Anxliusa, 498; flower, 496, 497 
431 ; habit, 428 
Androsace, 442 
Anemiopsis, 92 

Anemone, 138, 144, 145, 148; carpel, 

139 

Anemoneae, 139, 144, 148 
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Ane?no2Misy 142 

Angelica, habit, 411? 413, 419; fruit, 
41S 

Angianthmae, inflorescence, 591 
130 

Annonaeeae, 130 
Anthemklem, 60S; fruit, 602 
Anthemidinae, 608 
Anthemis, 605, 608 
Anthmpermem, 558, 569, 561 
Anthosimmim, 557 
Anthostemu, flower, 259 
AnthrisGUS, 417, 419 
AnihylUs; 3QS; pollination, 362 
Aniiaris, 65 
Antirrlnnem, 528 
Antirriiinoideae, 528 
Antirrhimim, 528; habit, 523; flower, 
524, 526; fruit, 527 
247 

Apioideae, 419 
Apmm, 419 
Apoeynaceae, 460, 468 
Apocpmw, 472 
Apodantlmie, 78 
Apodmitlies, 77, 73 
Apple, see Pyrus 
Aquifoliaceae, 306 
Aqmlaria, 370, 371 
Aquilegia, flowin’, 141, 142 
Arahideae, 186 
Arabis, 180, 186 
J Ai'oc'fm. 362, 369 
Araiia, see Pataia 
Araliaceae, 408 
Arbutoideae, 430 
Afbut'US, A2%, 4:"^! 

AroentJhohium, 71 
Arctium, 609 
Arctopus, 417 

Arctosiaphylos, 431; flower, 429 
Arctotidme, 608; pollination, 600 
Arctotis, 598, 608 
ATdma,AZ% 

Armaria, 120, 123 
Argemone, 167, 169 
Argyreia, flower, 480 
Afgyroxiphiu'm, 5%2 

Aristoloehiaceae, 75 
Aiistolochiales, 74 
Armena, 443 
Arnica, 605, 608 
Armsens, 602 

, Arrowroot, see Manihot, 264 
Artemiaia, 602, 605, 608; habit, 588; 
pollmation, 601 

Artichoke, see Helianthus, 588, Gynara, 

-.;>,59i:,: 

Artoearpus, 51, 52, 55 


Asa-foetida, 419 
Asarabacca, see Aaarmn 
Asarmn, 75; flower, 76 
■ Asolepiadaceae, 460, 474 
Asclepiadeae, 478 
Asdepias, 475, 477, 478 
Ash, see Fraxinus 
Asimina, 130 

Aspenda, 561; pollination, 557 
Aspidosperma, 472 
Aatemma, 588 
AfS^cr, 605, 606 
Astereae, 606 

Aatilbe, 320, 324; flower, 322, 323 
Astragalus, 351, 365, 368; gum, 353; 
pod, 362 

Astrantm,Al2, 414, 416, 419 

Asy stasia, 546 

Athriocinae, 589 

Atraphaxis, 87 

Atriplex, 95-98, 102 

A^?opa, 515, 519, 522; branching, 516; 

flow^er, 518 
Atropm, 519 

Aubergine, see Solaniim, 522 
Aucuba, 420, 421 
Auuraiiitieae, 284, 285 
Aurantioideae, 289 
Austrahan Cherry, see Fxocarpus 
Av&rrhoa, 275 

Amcenma, 501, 504 (embryology) 
Avocado Pear, 138 
Awl- wort, see Stibularia 
Azalea, 430 
Azorella, 413, 419 

Baccharis, 588, 594, 606 
BadanQp}iom, l% 7 % 

Balanojlioraeeae, 71 

Ballota, 506, 513; inflorescence, 507 

Balsam; see I'mpaiiens 

Balsaminaceae, 275 

Banksia, flower, 59; fruit, 60 

Banyan, 54 

Baobab, see Adansonia 
Barharea^ 186 
Barberry, see Berberis, 151 
BoHerid, 544, 548 
Barnapdesia, 596 
Barter ia, 211 
Bartmia, 464 
Bartsia, 529, 532 

Bash (of gardeners), see Lime, 247 
Bastard Toad-flax, see Tlmiuni 
BatPachiuni, 146 
Ba4ero, 326 
Baiueroideae, 326 

Bauhinia, 350; secondary thickening, 

353 

Bauhmieae, 366 

; . ■ ■ 
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Bay Laurel, 137 

Bdcdlophytoii, 79 

Bean, Bee Vida; Phasmkis, 369 

Beeeh, see Fagns 

Beet, i02 

Begonia, 228-23:2; flower, 230 

Be^otiiaceae, 228 

Begoni elJa , 228-"230 

Bdlis, 6(H); liai>ifci, 5SS; pollination, 601 

Bemhida, ^ 

Bendi'iimia, 421 
Berber! dace ae, 149^ 

BeiBeridoitleae, 151 
Berberd, 151; pollination, 152 
Ber£»-ainotte, see CHrus, 289 
Berneuxia, 435 
Beriholkiia, 381 
Betiolonia, 386 
Bederia, 536 

Beta, 97-101 ; flower and fruit, 99 

Betula, 28, 29, 24, 25; pollination,, 26 ' 

Betuiaceae, 23; floral arrangement, 25 

Betiiloideae, 28 

Bidens, 595, 607^ fruit, 603 

Biebersteinia, 21 3 

Bignoniaceae, 538 

Bilberry, see Vacdfiimn 

Billia, 301, 302 

Bindweed, see Cadystegia; Small, see 
Comndvulus, 4.81 
275 

Biorwlurnf, 542 
Birch., see Betula 
Bird-cherry, see Lemrocemsus 
Bird’s-foot Trefoil, see Lotus 
Bischofia, 263 
Bistort, 85 

Bitter-cress, see Cardamim 
Bitter-sweet, see Solamim, 521 
Bixa, 202 
Bixaceae, 202 
Blackberry, see Mubus 
Black Bindweed, 81 
Blachsionia, 465, 468 
Biacktliom, see Prunus 
^ Bladder Senna, see Colutea 
Bladderwort, see Utficularia 
Blaeria, 432 , 

Bleph-aris, 544 

Blue -bottle, see Chntaurea, 609 
Bocconia, 168, 169 
Boehmeria, 47, 49 
. Bo&'lumvia, 106 
Bog-bean, see Menyemihes : 
Bog-myrtle, see Myrica 
Bombacaceae., 254 
Bombm, 254 
Bonpkindia, 491 
„ Borage, see Borage 
. Boraginaceae, 494 


Boraginineae, 492 

Boraginoideae, 499 

Borago, 498; flower, 496, 497 

Borneo Camphor, see Dryobalanops 

Bofonia, 289 

Boroniem, 284, 289 

BosioelUa, 290 

Bottle-brush, see Gallisteniom 
Bougamvillea, 105, 108; inflorescence, 
106 

Bougueria, 548 
Bouvardia,, 553, 560 
Box, see Buxus 
Bramble, see Biihus 
Brasenia, 158 

Brass ica, 186; embryo, 185 

Brassiceae, 186 

Brazil-nut, see BertholUtki 

Bread-fruit, 55 

Bridelia, 259 

Bridelieae, 264 

Bf illantmia, 546 

Broad Bean, see Vida, 369 

Brook-weed, see Samolus, 443 

Broom, see Oytisus 

Broomrape, see Orobanohe 

Brosimum, 55 

Brous807ietia, 55 

Brucine, 462 

Brugidera, 378 

Brunfelsia, 522, 523 

Bryonia, 226 ; stamens, 221 ; flower, 224 

Bryony, see Bryonia 

Bryophyllum, 316, 318, 319; flower, 317 

B^iclmnania, 293 

BucMandia, 332 

Buckthorn, see Ehamnus 

Buckwheat, 85 

Buddleia, 461, 462, 463 

Buddleioideae, 462 

BuUace, see Prunus 

Bumelia, 450 

BuniaSylSQ; embryo, 185 

Buninm, 418 

Bupleurum, 411, 419; habit, 413 
Burdock, 593, and see Arctiuni 
Burseraceae, 290 
Butter-bur, see Petasites 
Buttercup, see Ranunculus 
Butterwort, see Pinguictila 
Butyrospermum, 450 
Buxaceae, 265 
Buxus, 265, 266 

Cabbage, see Brassica 
Cabomba, 156, 157 
Cabomboideae, 156 
Cactaceae, 396 
Caesalpinioideae, 366 
Cajophora, 217 
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182, 183, 186 
CaHfeae, 186 

Calabash, see Crescentia^ Lagenaria 
Galamintha, 513 
Galceolaria, flower, 526, 527 
Oalceolaneae. 528 
Oalcitrapa, 593 

Calendula, 596, 604, 608; pollination, 

601 

CahpduUae, 591, 608 
Callianihemmn, carpel, 139 
Calligommi, 87 
Oallistemon, 384 
Cailitrichaceae, 267 
Oallitriche, 266, 267 
Callnna, 432; mj^corrliiza, 428 
Oalonyction, 480- 
CahphyUum, 241, 243 
Caltlm, 139, 142 
Calycanthaceae, 132 
Calycanthus, 132, 133 
Calycoidirix, 384 

Calystegia, 480, 485, 487; habit, 482; 

flower, 483 
Camarea, 281 
Camelina, 186 
Camelineae, 186 
Camellia, see Thea 
Cameraria, 471 

Campanula, 575, 579, 581, 582, 584; 

pollhiation, 580; fruit, 583 
Campanulaceae, 677 
Campaniilales, 575 
Campanuloideae, 680, 584 
Campamimaea, 579 
Camphor, 137 
Campion, see Lychnis 
Campsis, 541 
Camptotiieca, 422 
Campylosperrnae, 417 , 

Canarina, 578, 579, 580, 584 
Candytuft, see I her is 
Cannabinaceae, 56 
Cawnadis, 56; flower, 67 
Canterbury BeB, see Campanula, 584 
Oantua, 491 

Caoutchouc, 264, 472 • . . 

Cape Gooseberry, see Physalis . 

Cnpei, SQQ Oapparla 
Gaper onia, 2^8 
Capparidaceae, 172 . 

174; flower, 172 ■' 

Gaprifoliaceae, 562 ■' ■ iw,..- 

Caprifolium, 565 
Capsella, 179,188, 186 , 

Capsicum., 5 1 8,. 520, 522 , .. - . ; ; 

Caraway, see Cantw 


Carica, 214, 215 

Caricaceae, 215 

Garlina, 598, 609 

Carnation, 123 

Carob-tree, see Ceratonia 

Carolina Allspice, see Calycmithus 

Garpinus, 24-27 ; x^oiliiiation, 26 

Carrot, see Daums; inflorescence, 414 

Cartkamus, 605, 609 

Carum, 419 

Carya, 17~21; flower, 18 
Caryophyiiaeeae, 116, 94 
Casearia, 210 

Cashew -nut, see Anacardmm 
Cassava, see Manihot 
Cassia, 356, 357, 362 
Cassieae, 366 
Cassytha, 136, 137 

Gastanea, 30-34; flowers and fruit, 35 
Castanopsis, 33, 34 
Castor-oil plant, see Eicintis 
Casuarirm, 36-39, 37 ; fertilisation, 38, 
37; phyiogeny, 39-41 

Gasuariiiaceae, 36- — 

Casuarinaies, 36 
Catalpa, 540, 541 
Catchfly, see /Silene 
Catha, 306 
Catopheiioideae, 514 
Cat’s-ear, see Hypochaeris 
Ca^icalis, 418 
Ceanotlms, 311 
Cecropia, 55 
Cedar-wood, see Cedrela 
Cedrela, 291 
Ceiba, 254 
Celastraceae, 305 
Celastrales, 304 
Celastrus, 306 
Celery, see Apiiim 
Celosia, 103-105 
Celosieae, 105 
Celsia, 528 
Celtideae, 45 
Celtis, 43-46, 44 

/ Centaurea, 593; stamens, 597; pollina- 
tion, 598, 599, 600, 609 
Centmdenia, 386 

Centranthus, 568, 572 ; flower, 569, 570, 
■ 571; ’ ■ ' ^ ^ 

Ceniropogon, 578 
Centrospermae, 93, 80 
Centimculus, 440, 443 
Cerastium, 123; flower, 118, 120, 122 
Cerasiis, 347 

Ceratoma, flower, 357; disseniination, 

364 


Car damme, 179, 186 cleistogamic Ceratopliyllaceae, 162 
■ flowers, 18.1 , .. i jC&radopkyUum, 162 

609; pollination^ -601^^^^/.^ ^ V Cerbera, 472 
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Cercis^ 364; flower, -355, 356, 357 
Cereoideae, 407 

Cereiis, 398, 400, 406-408; fruit, 404 
Oeriops, 378 
Ceropegia, 475, , 47 8 
Gestrem, 522 
Gestnim, SIS, 523 
Ghaerojjihyllym, 417, 419 
Chamaela/ucieae., 384 
GhamMpJaMciu^^^ 384 
Chamomile, see Anthemis 
Gheirantkus, 186; embryo, 185 
Ohdidofiiuni, 168 
Clieloneae, 528 
Ghenopodiaceae, 95, 94 
Chenopodmm, 95-98, 102 
Cherry, see Primii^s, 347 
Cherry-laurel, see Laurocerasus 
Chervil, see Chaeropliylhim 
Chestnut, see Gastanm 
Chick-pea, see Cicer 
Chicory, see Gichormm 
Chillies, see Capsicum 
ChvmapMla, 432 ^ 

Ghimonanflius, 132 
Ghiococceae, 560 
CMora, see Blackstonia 
GWoranthaceae, 92 
Gklorophora, 52 
Glioisya, '2Sd 

ChoTizcMd'^ 365; flower, 3o8, 359 


Ckristisonia’, 531 

Clirysmitheminae, 608 

Chrysanthemum, 605, 608; pollination, 
599, 601 

Chrysobalanoideae, 338, 347 
Ghrysobalamis, 346 
Ghrysophyllum, 4:50 

Chrysospienium, 320, 324; flower, 3-^3 
Cicely, see Ilyrrhis 
Cicendia, 465, 468 


Gicer, 369 
Cichorieae, 
Cicliofkim, 


589, 605, 609 
588, 594, 605, 609 


Giouda, 419 
Gimicifiiga, 139, 142 
Cinchona, 556, 560 
Cinchoneae, 558, 560 
Cinclionoideae, 559 
Cineraria, OOS ^ ^ 

Ginnmnomum, 134, 135, 137 

Cinnamon, 137 ^ .. ^ 

Circofa, 388, 391, 392 ; flower 389, 390 
Cirsiuni, 609 ; pollination, o Jo 
Cissampdos, 154, 155' 

Gissus, 311, 312, 313 
Cistaceae, 200, 201 


Gistus, 200 ^ , 

Citron, see Citrus ■ , 

GitrulUs, 2tS; stamens, 221, 220, 


Gitrus, 284, 287-289; pleiomery, 285 

Glarkia, 387, 388, 389; flower, 390 

Olavija, 436 

Claytonia, 115 

Cleavers, see Galium 

Clemaiis, 138,' 139, 144, 145, 148 

Cleome, flower, 172, 173 

Glerodendron, 501, 504, 505 

Glethra, 42J 

Ciethraceae, 427 

Glitandra, 469 

Cloudberrjr, see Bubus 

Cloves, see Eugenia, 385 

Gkisia, 240, 243 

Cluytieae, 265 

Cobaea, 490, 491 

Goccoloba, 87 

GocMmria, 184, 186 

CockscomlD, see Gelosia 

Cocoa-tree, see Theobroma 

Godiaeum, 264 

Codon, 493 

Codonopsis, 578 

Goelebogyne, see Alchornea 

Goelospermae^ 417 

Coffea, 555, 559, 560; stipules, 554 

Coffee, see Coffea 

Coffeoideae, 560 

Cola, 255 

Coleus, 509, 514; pollination, 510 

Colletieae, 311 

Collinsia, 528 

Collomia, 491 

Coltsfoot, see Tussllago 

Columnea, 536 

Coliimniferae, 244 

Colutea, 368 ; pod, 362, 364 

Comandra, 66 

Combretaceae, 380 

Combretum, 380 

Comfrey, see Symphytum 

Commiphora, 290 

Compositae,586 ; pollination, 598; phy- 
logeny, 610 
Gomptonia, 14, 15 
Gondamineae, 559 
Gondylocarpxis, 470, 471 
Gonium, 419; fruit, 417, 418 
Connaraceae, 348 
Conopodium, 418 
Contortae, 459 

Convolvulaceae, 478 
Convolvulales, 478 , i . . 

Convolvulus, 485; flower, 480; iiabit, 
481; pollen, 484 
Conyza, 606 

Gopaiftra, 365; flower, 357 
Go'jpi’osma, 557, 559, 561 
Goptis, 142; flower, 143 
Coral-root, see Dentaria 



620 ' INDEX 


Gorchortis, 246, 247 
497, 499 
Gordioideae, 499 
Coreopsis, 605, 607 
Coriander, see Goriandrtmi 
Goriandreae, 419 
Goriandmm, 417, 419 
Goridme, 443 
Coris, 440, 443 
Corisp&imtim., 98 
Cork Oak, 34 
Cornaceae, 420 
Corn Goclde, see Githago 
Cornflower, see Genkiurea 
Cormis, 420, 421, 422 
CoroJcea, 421 

Ooronopus, 179, 181, 186; embryo, 185 
Correa, 285, 288,^ 289 
Oorrigiola, 121 ; flower, 119 
, Corydalis, 170-172 
Coryioideae, 27 

Corylus, 24-28; inflorescence and 
flWer, 27 ; pollination, 26 
Corymhkm, 589 
Cotinus, 293 
Coiomasier, 341 
Cotton-plant, see Gossypium 
Cotton-tree, 254 
Cotton-w'eed, see Dioiis 
Cotylantiiera, 464 

Cotyledon, 317, 319; pollination, 318 

Goufoup’ita, 381 

Coussareae, 561 

Cowslip, see Primula 

Cow-tree, see Brosimvm 

Crambe, 182, 184, 186; embryo, 185 

Cranberry, see Vaccinkim, 431 

Crassula, 316, 319; flower, 317 

Crassulaceae, 315 

Crataegus, 336, 341 

Crataem, 175 

Crawfurdia, 464 

Creeping Jenny, see Lysimachia 
Orepis, 610 

CrmceMia, 539, 540, 541 
Cresceniieae, 540, 541 
Cress, see Lepidium, 179 
" Cmaa, 481 
(Crossmdra, 547 
Crotalaria, 365, 367 
Croton, 260; see also Codiaeum 
Crotoneae, 265 
Crotonoideae, 265 
CTOwheiij, see Wnipetrum 
Crucianella, 5^1 

Ornciferae, 176; flower, 180; pollina- 
tion, 181; embryo, 185 
Cucuhalus, 122; fruit, 119 
Cucumber, see Owcwwa 
Cucumis4^t^, 227 


Cmurbita, 219, 220, 227; germination, 

■ ■■■ 217; androeciuin, 221, 222 
^(^ciirbitace ae, 2 17 , 

'CumirbiOTST'^T? 

Cunoniaceae, 326 
Cuphea, 374, 375, 376 
Ckipuie in Eagaceae, 32 
Curare, 463 

Currant, 314, and see Mibes 
Curtisia, 420, 422 
Curvembryeae, 93 

486, 487 

Cusparieae, 285, 289 
Custard Apple, see Amiona 
Gyananthus, 579, 582 
Chjathula, 103 

Cyclamen, 441, 442; habit, 439; flower, 
440 

Gyclamkieae, 442 

Cyclanthem, flower, 222; fruit, 224 
Cycdolobeae (Chenopodiaceae), 101 
Cylicomotp'ha, 215 
Cjmanchoideae, 476, 478 
Gyncmchum, 478 
Gynara, 593, 609 

Oywareue, 609; habit, 589; pappus, 596 
stamens, 597 

Cynoglossum, 495; flower, 496; fruit, 
498 

Cyiiomoriaeeae, 74 

Cynomorium, 74 

Gygdiia, 578, 582 

Cyphioideae, 582 

Gyrtandra, 534, 536 

Gyrtandroideae, 533, 534, 536 

Cystolith, 43 {Celtis), 47 (Urticaceae) 

Gytinem, 78 

Gytinus, 77, 78 

Gyiisinae, 367 

Gytisus, 352, 365, 367; pollination, 
361 

Dabeocia, 430 
Dahlia, 605, 607; root, 588 
Daisy, see Beilis 
Dalhergia, 370 
Dalbergieae, 370 
DalecMmpia, 263 
Damnaeanthus, 554 
Dandelion, habit, 588, 589; pollina- 
tion, 599; and see Taraxactim 
Paxiewort, see Samb'iimis 
^ Daphne, 371, 872 
Daphniphylleae, 2Q4c 
Darlingtonia, 190 
Darwinia,Z84: 

Date-plum, see Diospyros 
Datiscaceae, 232 

Datura, 620, 523; branching, 516; 
ovary, 518 
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Daf/ureae, 521 
DauceaSy 419 

Daumis, 418, 419; habit, 413 
Davidia^ 422 
Damllchy flower, 233 
Deadly Nightshade, see Atropci 
Decaisnea^ 153 

JJelphmiuni, 138, 140; carpel, 139; 

flower, 143 
Demlm'pMliora^ 68, 71 
Dendroseris, 609 
DeMdrosicyos^ 218 
Denimia, 176 

D(-'-tmodiinn, leal, 351; pod, 362 

Df.ulzia, 325 

Diaiy pe talae , 1. 24- — 

DianthuSi 121, 123 
Diap&mia^ 435 
Diapeiisiaceae, 435 
Diascia^ 526 
DiceMra, 171 

Dichondraf pistil, 480; cleistogamv, 
485 

Dichondreae^ 480 
Dicram, 327, 329, 330 
Dicmmstylem, 481 
Dicranostyles, 481 

Dicta mmis, 289; flower, 285, 286; 

fruit, 286, 287 
Didymoearpus, 536 
Diervilla, 562, 563, 564 
Digitaleae., 528 

Dlyitalh, 527, 529, inflorescence, 524; 

flower, 526 
Ddlenuu 234 
Dillcmaceae, 232 

Dionii a. 193, 198, 195, 197 

D/O'O/oj'U, 284, 2!S5, 289 
"Diospyniieae, 417 
Diospipo'^, 45 L 452 
J)wlU^ 603 
Dipelta, 563 
Di phylleta, 150, 153 
DipJadrtda, 472 
Diphda.vi.'i, 182, 186 
Dipsaeaeeae, 572 
Dipsacus, 575 
Dipteroearpaceae, 243 
Dipteronia , 298, 299 
D'irarhuia, 270, 273 
DlscJiidin. 474 
Dissomeria, 210 
Dm'otis, 3S5 
, Disiylium, 332 
Dittany, ses Diciamnus 
Dock, see R'umex 
Dodder, see Guscuta 
DodecaRieon, 4:42 , ^ 

.Dog’s Mercury, see Mercurialis 
Dog-violet, 206 


Dogwood, see Gornus; Ehamnm, 311 

Domatia, ant-sheiters, 386 

Donatia, 324 

Doronicmn, 608 

Dorstewia, 51, 52 

Draba, 186 

Drapetes, 371, 372 

Drimys, 12S, 129 

Dropwort, see Ulmaria 

Drosera, 193-8, 195 

Droseraceae, 193 

DrosophyUmn, 193, 194, 196-8 

Dryandra, 62 

Dryas, 343 

Drymyto-magnoUeae, 129 
Dryobalanops, 244 
Diiranta, 503, 504 
Durian, see Durio 
Diirio, 254 
Duroia, 553 
Dysopsis, 264 

Ebenaceae, 447, 450 
Ebeiiales, 446 
Ecballium, 219, 224, 226 
Eccremocarpus, 540 
Echieae, 499 

Ecldnocacius, 398, 407, 408; ovary, 
401; flower, 402; fruit, 404 
EeJiinocereus, 407 
EcMnocystiSy 227 
Echinopliom, 417 
. EcMnops, 590, 591, 609 
EcMnopsis, 898, 407 ; flower, 402 
Echinothmnmis, 212 
Echitoideae, 473 
Echiiim, 495; flower, 497, 498 
Edelweiss, see Leontapodkim 
Egg-plant, see Solanmn, 522 
Eiiretioideae, 499 
Eiaeagnaceae, 372 
Elaeagmts, 372, 373 
Elatinaeeae, 204 
ElaUne, 205 
Elder, see Sambucus 
Elm, see Ulmus 
Elytrantlie, 70 
Embelia, 437, 438 
Emhlingia, 174 
Efnbolhrieae, 61 
Empetraceae, 308 
Empetrwm, 308 
Enantiostyty, 362 

Enchanter’s Nightshade, see Gircaea 
Endive, see Gichorimn, 605 
EngelJiardtia, 18-21 
Entada, 350, 363; ^vood, 353; pod, 
362 

Epacridaceae, 434 
Epacris, 434 
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Epaltes, 591, 595, 607 
SJpigaea, 431 

Mpilobimn, 387, 388, 389, 391; flower, 
390 

Bpimedkmi, 152 

Efiphyllu'tn, 406, 407; flower, 402, 403 
Epirrhizanthes, d04: 

EmntMs, 138 
Efemosyne, 324 
Efgalekm, 194 
,■ Erica, 432; flower, 429 
Ericaceae, 427 
Ericales, 426 
Ericoideae, 428, 431 
Erigeron, 606 
Eriocephalus, 602 
Eriodendron, see Ceiba 
Eriotkrix, 592 
Erodium, 269-272 
Erophila, 186 

Erycibe, gviioecium, 483, 484; fruit, 
485 

Erycibeae, 481, 483 

Eryngimn, 412, 415, 419; inflorescence, 
414; calyx, 416 
Erysimufii, 186 
Erythraea, 465, 468 
Erythrinaf 370 
Erythrospermimi, 210 
Escallonia, 320, 325; flower, 321, 322 
Escallonioideae, 320, 325 
EschscJioUzia, 168; abnormal flower, 
180 

Eubuxus, 266 
Eucaesalplnieae, 366 
Eucalyptus, 381, 383, 384, 385 
Eucharidium, 390 
Euclea, 452 
jEugpjiia, 384, 385 
Eulmeae, 278 
Euonymus, 305, 306 
Eupatorieae, 605; anthers, 597 
Eupatorium, 594, 606 
Euphorbia, 257j 258, 262, 263, 264 
Euphorbiaceae, 256 
EuphorbieaQ, 258, 265 
Euphrasia, 524, 629; pollination, 527 
EupodosUmoneae, 329 
Eupomatia, 130 
Euryale, IQ6, 161 
Evening Primrose, see Oenothera 
Everlasting, see Helichrysum 
Evolmlus, 481 
Exaceae, 466 
Exacum, 465 
Exocarpus, 64 
Exogonium, 4M1 

Fagaceae, 30; pollination, 33 
Eagales, 23; piiylogeny, 39-41 


Eagara, 289 
Eagraea, 461, 462 

Eagus, 30-34; flowers and fruit, 35 
Fatsia, 411 

Fedia, 569; flower, 570 
Felicia, 606 

Fennel, see Foeniculum 
Feronia, 286 

Ferula, habit, 413; pollination, 417 
Fever-few, Chrysanthemum, 608 

Fevillea, 221, 223, 226 
Ficaria, 146 
Ficoideae, 111, 114 

Fig, see Ficus; pollination, 53 
Figw’ort, see ScroplmlaHa 
Filago, 589, 606 
Fitchia, 609 
Flacourtia, 210, 211 
Flacourtiaceae, 209 
Flax, see Linum 
Flindersioideae, 289 
^^oeniculum, 419 
FoUiculares (Proteaceae), 61 
FooFs Parsley, see Aethusa 
Forget-me-not, see Myosotis 
Forsylhia, 456, 458 
Foxglove, see DigitaUs 
Fox-grape, see Vitis, 314 
Foxtail, see Amarantus 
Fragaria, 343; flower, 338, 342 
Francoa, 325; flower, 321, 322 
Fraiicooideae, 325 
Frmikenia, 203, 204 
Frankeiiiaceae, 202 
Franldncense, see EoswelUa 
Fraxineae, 458 
Fraxinus, 455, 456, 457, 458 
Fuchsia, 387, 388, 391, 392; flower, 
389, 390 

F uma ria, 165, 170, Hi 
Jumarloideae, 170 

Gaerkiera, 555 
Gaillardia, 595, 603, 607 
Galbanuxn, 419 
Gale, 14, 15 
Galega, 365 
Galegeae, 368 
Galeopsis, 510, 513 

Galieae, 559, 561; stipules, 554; pol- 
lination, 557; fruit, 558 
Galinsoga, 607 
Galium, 553, 559, 561 
Gamboge, see 
Garcinia, 241, 243 
Gardenia, 560; flower, 554, 556 
Gardenieae, 560; stipules, 553, 554 
Garrya, 11 
Garryaceae, 11 
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Oarryales, 11 
Gaultherittf 430 
Gazania^ 608 
Gean, see Prunus, 347 
Gelonieaey 265 
Gelsemnim, 462 

Genista^ 365, 367 ; pollination, 361 
Genisteae, 367 
Genlisea, 542 , 

Geniiana,' 465, 466, 468 
Oentianaceae, 460, 463 
Gentian oideae, 468 
Geraniaceae, 268 
Geraniales, 267 
Germdeae, 273 

Geraniumy 269, 270, 271, 272 
Geranium, see Pelargonium 
Gerardia, 532 
Gerardieae^ 529 
Gerbera, 600, 609 
Gesneria, 536 
Gesiieriaceae, 532 
Gesiierioideae, 533, 534, 536 
Geum, 343; flower, 338, 339 
Geunsia, 502, 503 
Gilia, 491, 492 
Ginseng, see Panax 
Githago, 117, 118, 121 
Gla'iicmm, 167 
Glaux, 440, 443 
Gkditschia, 352, 365 
Glohulmia^ 530 
Globulariaceae, 530 
Gloxinia, see Sinningia 
GhjcyrrMzay 365 
Gnaphalimn^ 589, 606 
Gnidia, 370, 372 
Goat’s -beard, see Trago'pogon 
Goat’s-riie, see Galega 
Godetia, 387 

Goiden-rod, see Solidago 

Golden Saxifrage, see Chrysosplenimn 

Gold-of-Pieasure, see Camelina 

Gomphrena, 105 

Gomphrefieae, 105 

Gonolobeae, 478 

Gonohbus, 478 

Goodeiiiaceae, 584 

Gooseberry, see Ribes 

Gorse,. see Ulex, 351 

Gorkria, 602 

Gossypium, 251,, 252, 254 

Gouania, 309 

Granadilla, 212 

G,rape see Citrus^ 289 

Grape- vine, ^see Vitis 

Grass of Parnassus, see Parnaasia 

Gratiola, 526, 528 

Gratioleae, 628 

Gravesia, 386 


Greenheart, 138 
Grevillm, Q2, 60 
Grewia, 245, 247 
Grieluniy 345 
Griffitliella, 327 
Griselinia, 420, 421 
Ground-nut, see AracMs 
Groundsel, see /SVweC'io, 587 
Grubbiaceae, 63 
Guaiacum, 280, 281 
Guava, see Psidium 
Guelder-rose, see Viburnum 
Guettarda, 559 
Guettardeae, 559, 560 
Gum-arabic, 353 
Gum-benzoin, 453 
Gum-tragacanth, 353 
Gunnera, 392, 393, 394 
Gutta-percha, 450 
Guttiferae, 239 
Guttiferales, 232 
Gymnocladus, 365 
Gynandropsisy 173 
Gypsophila, 121 

HaberleUy 534 
Hackberry, 46 
Haematoxylon, 353 
Hakea, 60, 62 
Halesia, 452 
Halgania, 499 
Halocnemuniy 98 
Halophyte, 97 
Haloragaceae, 392 
Haloragis, 392, 393 
Haloxylony 95 
Hamameiidaceae, 332 
Hamamelidales, 333 
HamamdiSy 332, 333 
Hare-bell,' see CampanuM, 578 
Harpagophytumy 5,36 
Harveyay 523, 529, 532 
Haschisch, 58 
Havetiopsis, 240 
Hawk-bit, see Leontodon 
Hawkweed, see Hieracium 
Hawthorn, see Crataegus 
Hazel, see Gorylus 
Heath, see Erica and Eiicoideae 
Hebenstreitia, 530 
HecJceria, 92 
^ 408,410 

Hedge-mustard, see Bisymbtium 
Hedr acanthus y 579 
HedysareaCy 369 

Hedysarum, 365; gemiinatioii, 34^ 
Hc/cm'eac, 591, 607 
Heleniumy 601 
Heliamphoi'ay 190 

Hdiantheacy 588, 591, 594, 606, 607 
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HeUanthem/mn, 200, 201 
Helianth us, 590, 591, 607; habit, 588; 
"Tairs, 58'9 
Helichrtjsum, 593, 606 
Heliotfopioideae, 499 
Heliotropimn, 499 
HeUehoremy 139, 140, 14S 
HelleboruSf flower, 140, 141, 142 
Helosis, 73 
Helwmgia, 420, 421 
Hemlock, see Conimn 
Hemp, see Cannabis 
Hemp-agrimony, see Bupatormm. 
Henbane, see Hyosoyamns 
Henoonki, 518 
Heiiriqmzia, 555, 558 
Henriquezieae, 560, 561 
Heradeum, 419; habit, 411, 413; fruit, 
418 

Hemiaria, 121 
Hesperellat 457 
Heuchem, 320, 324 ■ 

Heveci, 264, 

Hibbertia, 234 
Hibisceae, 251 
Eibisciis, 249, 251, 253 
Hickory, 21 

Iliemcmm, 588, 589, 593, 610 
midsbrandtiaf 481, 483 
HiUehrmidia, 228, 229, 231, 232 
Hippoeastanaceae, 300 
Mippocrepis, 369 
Mippomane, 259, 263 
Hippomamae, 265 
Bippophae, 372, 373 
Hippufidaceae, 394 
HippuriSf 393 
HircuhiSf 322 
Hirtelkh 347 
Hoddma^ 465 

Hog-weed, see Berademn, 419 
Boheria, 251, 254 ■ 

Holargklmm, 179 
Holly, see Ilex 
Hollyhock, see Althaea 
, Holm, Oak, 34 
Hohladme, 202 
Bohstewn, 12Q 

flower,: 209, 210 
Honesty, ,, see Lunar ia 
' Ho.p, see Bwmiliis 
Bopea.y flower, 243 
Hojd.ophylhim, 588 
Hornbeam, see Oargnmis 
Horse-chestnut, 300, 301, and 
Aesculm 
Bosadda, 368 
Hottentot-figs, 115 
i/oWo9?ia, 439, 441, 442 
House-leek, see /Semperuw'W 


Bputtynia, 92" 

BowUtia, 254 
Hoy®, 474, 478 
Bugonia, 278 
Biigonieae, 278, 279 
BmnberUa, 481 
BuiumIus^ 6Q, 57, 58 
Hura, 263 
HybantJiuSf 206 
Bydnophytum, 561 
Bydnora, 79, 80 
Hydnoraeeae, 79 

Hydmngea, 320, 325; inflorescence, 
321, 323 

Hydrangeoideae, 325 
Bydrastis, 150 
Bydrohryum, 327, 329, 330 
Eydrooera^ 276 

Bydrocotyley 411, 412, 418; inflor- 
escence, 413, 414; pollination, 416 ; 
fruit, 417 

Hydrocotyioideae, 418 
Bydrolea, 493 
Hydrophyllaceae, 492 
BydxophyUum.y 493, 494 
Hydrostaehyaceae, 331 
BydrostadiySy 331 
Eydxot/i'idie, 524 
Bymenamy 352, 365 
Byobandie^ 523, 529, 532 
Eyoscyamm^ flower, 518, 519, 522 
Hypecoideae, 170 
Eypecoumy flowei’, 165, 170 
Byperbaena, 154, 155 
Eypericjum, 239, 241, 242 
Hypodiaeris, 610 
Byidis^ 506, 507, 508, 514 

Iberis, 179, 186 
Ignatius Beans, 463 
Hex, 306, 307, 308 
Jllecebrum, 121 
Illicioideae, 128 
IlUcium, 12S, 129; fruit, 126 
Immortelles, see Eelidvrymmi 
Impatmis, 275, 276 
Indian pipe, see Monotropa 
Indiarubfcr plant, 53 
Indigofera, 358, 365, 369 
Iiiferae, 550 
Inga, germination, 349 
Inula, 590, 606 
Inuleae, 606 

Ipecacuanha, see Uragoga 
Ipomoea, 482, 485, 487; habit, 481; 
flower, 480, 483; pollen, 484 
habit, 481 
Iresine, 105 

Iron- wood, see Ixora, Sideroxylum 
Isatideae, 186 
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Jsatis, 184, 186 
Jsop-^roideae, 140 
Isopyrmn^ 140, 142 
Um, 325 
Ivy, see liedera 
560 

Ixorexie, 560 

Jamranda^ 540 
Jack-tree, 55 
Jcwohmia^ 548 

Jacob’s Ladder, see Pohmomum 
Jalap, 487 
Jankaea, 534 

Jasio-m^ 579; pollination, 581; fruit, 
584 

Jasmiiioideae, 459 
Jasrnmum, 455, 456, 457, 458, 459 
Jatmpha, ,264 
Jatfopheae, 265 
Jeffersonia, 15Q 
Judas-tree, see Gercis 
Jugiandaeeae, 16 
Jiigiaiidales, 12; pliylogeny, 39-41 
Jiiglans, 17-21; inflorescence, flower 
and fruit, 18 

Jujubes, Spanisii, French, see ZizypJms 

J'uliania, 22 

Juiiaiiiaceae, 22 

Juiianiales, 22 

JuhstpleSf 254 

J-imieua^ 387 

Jmtieiaf 548 

Kaki, see Biospi/ros 
Kakmvhoe, 317, 319 
Kaliphom^ 421 
Kedrikdis, 220 

Kerguelen Island Cal'^bage, see Pring- 
lea 

Khaya, 291 
Kidcxhif 472 
Kisstiiia^ 216 
KUhiia. 587 

Kiia]>\veed, see Centaur m 
Kuautki^ 575 
Kuiglifia^ 62 
Knot-grass, 87 
Knoxia, 561 
Knoxieae^ 560 
Koclda, 102 

Koenigia, 81, 87; flower, 82, 83 

Kramer la f 356 

Kramerieae, 

Labiate, e, 505 
Labiatiflorae,, 605 

Laburmim, 367; fl.ower, 359; pollina- 
: tion, 360 
Lace-bark, 371 


Lactuca, 605, 610 
Lafoensiat 374, 376 
Lay maria, androecium, 221, 222; 
fruit, 224 

Lagerstroemia, 374, 375, 376 
Lagetta, 371 
Lagiinaria, 254 

Lamb’s Lettuce, see VaUrianella 
Lamium, 513; inflorescence, 607; 
corolla, 508; pollination, 510; fruit, 
512 

LmidolpUa, 469, 471, 472 

Lantana, 501, 504, 505; flower, 502, 503 

Lapsana, 588, 610 

Lardizabala, 153 

Lardizabalaeeae, 153 

Latakia, 523 

Lathraea, 524, 528, 529, 532 
Lathynis, 369; habit, 350; pollination, 
362 

Lauraceae, 134 
Laurocerasus, 347 
Laurus, 134, 135, 137 
Laurustinus, see Viburnum 
Lavandula, 512 
Lavanduloideae, 513 
Lavatem, 247, 248, 253 
Lavender, see Lavandula 
Lamia, 827 
Latosonia, 376 
Lebetantlms, 434 
Leeytliidaceae, 380 
LecytMs, 381 
Ledum, 430 
Leea, 312, 313 
Leguminosae, 348 
LeipJiamnos, 464-467 
Lemon, see Citrus 
Lens, 369 

Lentibulariaceae, 541 

Lentil, see Lens 

Leontice, 152, 153 

Leontodon, 610 ; pollination, 599 

Leontopodium, 606 

Lepidieae, 186 

Lepidium, 179, 186 

Leptospermeae, 384 

Leptospermoideae, 384 

Lesser Celandine, see Ficaria, 146 

Lettuce, see Lactuca 

Leucadendron, 62 

Leuchtenbergia, 399, 407 

Leycesteria, 563, 564 

LiguMorae, 605 

Ligustrum, 455-468 

Like, see Syringa 

lAme, see Citrus, 28^ 

Lime-tree, see Tilia 
Limeum, 108 
Limnanthemum, 468 
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Limonium, 443, 444, 445, 446 
LbrnsellUf 528 

liinaceae, 278 „ ' 

Linaria, habit, 523; flower, 524, 525- 
: 528 

Xindeii, see Tilia 
■Lindera, 137 
Lindleya, 340 
Ling, see Gattuna 
Linnaea, 662, 663, 565 
Limim, 278, 279, 280 
Lippia, 502, 603 
Liquorice -root, see OlycyrrMza 
Liriodendron, 127 
LitcM,29%,2m 

Lithospermum, flower, 495, 496; fruit, 
498 

Litorella, 548, 550 

Loasa, 217 

Loasaoeae, 215 

LoheUa, 578, 582, 583, 584 

Lobelioideae, 582, 584 

Loeselia, 491 

Logania, 462 

Loganiaceae, 460 

Loganioideae, 462 

Logwood, see Haematoxylon 

Loiseleuria, 430 

Lonaentaceae, 186 

London Pride, see tSaxifraga^ 322 

Lonicera, 562, 563, 565, 566 

Loose-strife, PaiqaJe, see Lythrum 

Lopezia^ flower, 389, 390 

Lophira, 235 

Loplhophytum^ 72 

Loranthaceae, 66 

Loianthoideae, 71, 68 

Loranthm^ 70, 71^ 

Loteae, 368 

Lotm, 368; pollination, 361 
Lotus-flower, 159 
Lotus plant, see ZizypJms 
Liidwigia, 387, 390; flower, 389 
Lujfa, 227 

Lunaria, 186; fruit, 184 
Lupinus, 351, 367; leaf, 350; poilina- 
' ■, ' tion, 362 
Lupulin, 58 ' 

Lyallia, 121; flower, 119 
y Lychnis, 121, 123\ 

Lycium, 61^ 

Ly copsis, 4i9B 

Lycopus, 506, 510, 513; stamens, 609 
Lyswiachia, 439; flower, 440 
Lysimachieae, 442 
Lythraceae, 374 
Lythrmn, 374, 375, 376 

Maha, 452 
Mabea, 264 


Maearthuria, 111 
Macleya, 168 
Madder, see Buhia, 561 
Ilaesa, 437 
Maesoideae, 437 



Mahogany, see Swietenia, K'haya 
Mahonia, 151 
Malope, fruit, 248 
Maiopeae, 249 
Malpighia, 282 
Malpighiaeeae, 281 
Malva, 248, 253; pollination, 250 
Malvaceae, 247 
Malvales, 244 
Malvastrum, 251 
Malvaviscus, 251 
Maheae, 251 
Manvmea, 240, 241 
Mancinil, see Hippornane 
Mandarin, see Gitrus, 289 
Mandragora, 521 
Mandrake, see Mandragora 
Manettia, 553, 558 
Mangifera, 293, 294 
Mango, see Mangifera 
Mangold, 102 
Mangosteen, see Garcmia 
Mangrove, see Aegiceras, Avicennia, 
Sonneratia, Rliizoplioraceae 
Manihot, 260-264 
Manihoteae, 265 
Manioc, me Ma^iihot 
Mamillaria, 398, 399, 407, 408; 

spines, 400; fruit, 404 
Maple, see Acer 
Marcgrama, 236, 237 
Marcgraviaceae, 236 
Mare’s- tail, see Hippuns 
Marigold, see Calendula i French, see 
Tagedes; Corn, see Ghrysanthemum, 
608 

Maripa, 486 

Marjoram, see Origamim 

Marrow, see Oucurbita 

Marrubimn, 513 

Martynia, 538 

Martyniaceae, 537 

Marvel of Peru, 105 

Mastic-resin, see Pistacia 

Mastixia, A2Q, 4z22 

Mate, see Ilex 

Matricaria, 591, 608 

Matthiola, 177,; 186; stigma, 178, 180; 

embryo, 185 
Maura%dia,Ii23 
May Apple, 150 
■ Mayflower, see -Episraea • 
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Meadow-me, 145 
Meadow-sweet, see Ulmaria 
Ileconopsis^ 167 

Medicago, 368; gerniiiiation, 34'9; 
stipules, 351; pollination, ■ 361 ; pod, 
362; dissemination, 364 , 

M&lmilla, 386 
Medlar, see Mespilm 
Megacarpaea, 179, 184 
MdalPAim, 383, 384 
Melampyrum, 524, 528, 529 
MelanophyUa, 421 
Mclanorrhma, 293 
Melastomaceae, 385 

iffiiiaceae, 290 

Melilotys, 368; pollination, 360 
Melittis, 513 
Mehcactus, 199, 407 
Melon, see Cucumis, 227 
Ilelothria, 227 ' 

Me7idoncia, 544 
Mendoncioideae, 545, 547 
Menispermaceae, 155 
Mentha, 506, 513; oorolla, 508, 510 
Mentzelia, 216, 217 
Me^vyanthes, 464, 468 
Menyanthoideae, 468 
Merdera, 580, 582 

3£ercuriaU8, 257, 264, 265; flower, 259, 
262 ; seed, 263 
Meriensia, 498 
Meryta, 410 

Mes&mbryantlmneae, 1 15 
Meseinbryayitlmnum, 111, 112,113, 115, 
94 

Mespilm, 341 
Metrosideros, 384 
Mexican Thistle, see Argemone 
Mezereon, see Daphne 
Mioliaelinas Daisy, see Aster, 605 
: , 578, 580 

Microtea, dowser, 108, 109 
Mignonette, see Reseda 
Mikania, 591, 592, 606; habit, 588 
Mdf oil, see M chillea 
Milkwort, see Polygala 
Milhria, 603 

Mmmsa, 352, 366; leaf, 351; flower, 
354, 355 

Mimosoideae, 366 , 

, Alimulus, 524, 528; pollination, 526 
Mimusops, 448, 450 
MinmHia, 120, : 123 „ 

AliraUlis, 105, 107; inflorescence, 
, 106. 

Mistletoe, see , 

MAtreola, 463 

329, 330 ' 

Mock Orange, see PMladelphus 


MoUuginoideae, 114 

114; flower, 112 
M‘ow^o^*d^ca, 226; stamens, 221 
Monanthes, 317 

Monarda, bracts, 507; pollination, 
510 

Moneywort, see Lysimaehia 
Alonimia, 133 
Monimiaceae, 133 
Monochlamydeae, 4 
Monodora, 130 
Monotropa, 432, 433 
Monotropoideae, 432, 433 
Mo7iso7iia, 273 
Montia, 115 
Moraoeae, 51 

Moricandia, stigma, 178, 180 
Morina, 574, 575 
Morinda, 554 
Morindeae, 561 
Moi'isia, 185 
Morus, 51, 52, 54 
Moschatel, see Adoxa 
Mother-of- thousands, see Saxifraga 
Mountain Ash, see Pyrus 
Mountain Sorrel, see Oxyria 
Alourera, 328 
Mucmm, 353, 365 
MuehUnbeckia, 81 
Mulberry, see Morus 
Alussaenda, 554 
Mussaendeae, 560 
Mustard, see Brassim 
Mutisia, habit, 588, 609 
Mutisieae, 594, 609 
Myosotis, 498; habit, 494; iiifloresoeiice, 
495; fruit, 496; flower, 497 
Myosurus, 145; carpel, 139; flower, 
143 

Myrica, 13-16; flower, 15 
Myricaceae, 13 
Myricaria, 202 
Myriophyllum, 392, 394 
Myristica, 131, 132 
Myristicaceae, 131 
Alyrmecodia, 553, 561 
Myrobalan, see Terminalia 
Mynii, see Oommiphora 
Myrrhis, 419 
Myrsinaceae, 436 
Aiyrsine, 439 
Myrtaceae, 381 
Myrteae, 384 
Myrtiflorae, 370 
Myrtle, see Myrius 
Myrtoideae, 384 
Myrtus, 382, 384 
Myzodendron, 66 

Na%diifia,lbil 
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Napoleo? 2 .a, 3Sl Oc-ww«m, o 14 

NafdostachySf 568, 572; flower, 570 Odoyitite-s^ 524, 529 

Nasturtkmh hl, 179, 186; embryo, 185 Odontospermtiyn, 606 
Nasturtium, see Tropaeoluni Oenothera, 387, 388, 392; flower, 389, 

Nauclea.mZ 390, 391 


Naucleae, 560; flowers, 554 
Navelwort, see Cotyledon 
Nectandra, 

Negundo, 298 
Nelsoma, 547 
Nelsonioideae, 544, 547 
Nehimbo, 156, 157, 158 
Neliiuibonoideae, 158 
Nematostylis, 554 
Nemesia, 528 
Nernopanthes, 308 
Nemophila, 493, 494 
Nepentbaeeae, 192 
Nepenthes, 192 

Nepeta, 510, 513; inflorescence, 507 
stamens, 509 
Nephelium, 297 
Ne^jdunia, 350 
Nerium, 469, 470, 472 
Nertera, 559, 661 
Nettle, Stinging, 47, 49, 50 
Nettle-tree, 46 
Neurmla, 345 
Neuradoideae, 345 
NearopeUis, 481 
Nicandm, 518 
Nicandrem, 518 
.Micotiana, 521,. 522, 523 
Nigella, 141, 142, 144 
Nipplewort, see Lapsana 
Ndlanaceae, 514 
Nopaka, 402, 406; seed, 404 
Norantea, 236 
ddostoc, 393 
Nothofagns, 30-32, 34 
Notohnxm, 266 

Nucammiaceae (Proteaceae), 61 
Nucumentaceae (Cruciferae), 186 
Niipdiar, 156, 159 
Niitmeg, see 

NuttfMia, d4:(i; Aowev, Z39 
Nuxia, 462 

Nyctaginaceae, 105, 94 
159, 160 

Nymphaeaceae, 165; pollination, 161 
Nymphaeoideae, 158 
Nyssa, 422 
Nyssaceae,. 422 

Oak, see Qmrmis 
06okw, 464 
Oc/Mia,, 234, .235; , 

Ocbnaceae, 234 
Ochradenus, ISB 
Ocimoideae, 508, 512, 513 


Olacaeeae, 63 
Oldenlandia, 555, 559 
Oldenlandieae, 556, 559 
Olea, 455, 456, 457, 468 
Oleaceae, 455 
Oleales, 454 
Oleander, see Nerium 
Olearia, 606 
Oleeae, 458 
Oieoicieae, 458 
OHbanum, see BosivelUa 
Oligomer is, 188 
Olive, see Oka 
Onagraceae, 386 
; Oncoba, 209, 210 

Ombrychis, 351, 365, 369; pollination, 
360 

Ononis, 368; pollination, 362 
Onopordon, 589, 609 
OpiHaceae, 63 

. 02nintm 398, 399, 400, 406-8; flower, 
401; fruit, 402, 404 
Opuntiales, 396 
Ojjuntioideae, 407 
Orange, see Oitnis 
Ordeal Bean, see Physostigmu 
Oreonumnea, 21 

Origammi, 513; calvx, 507; corolla, 

510 

Orlean, 202 
Ormosia, 367 
Ornifhopyus, 369 
Orobancliaceae, 530 

631, 532 

(7mi,oplocme, 187 
Orthopterygium, 22 
Orthospermae, 417 
Osier, 10 
Ostrya, 24, 27 
Ostryopisis, 25, 27 
Osyris, 64 

Otostegia, calyx, 512 
Ottonia (Piper), 91 
Ouratea, 234, 235 
Oxalidaceae, 273 
. : OxA 273 , 274, 275 , , 

' 6x-eye Daisy, see Qhnjsanthermim, 608 
OxHp, see 

Oxybaphus, 105; 'inflorescence, 106 

Oxyhbmm, 366 

Oxyria, 87, 88; , flower, 83, .84? 

351, 365, 368 

Pachycentria, 3S6 
Pachysandra, 266 
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Paederiae^ 

Paeotiiaf 138, 147 
Paeonieae, 139, 147 
Pagamea^ 555 
Palaqumnij 450 
Palkmis, 310 ' 

Panaxy 411 

209-211 

Paiisjr, 206, 207, 209 
Papaver, 165, 166 
'^✓Papaveraceae, 164 
Papaveroideae, 164 
Papaw, see Garica 

Papilloiiatae^ 366; secondary thicken- 
ing, 353; pollination, 359; cleis- 
togainy, 362; geocarpy, 362 
Paraguay tea, see Ilex 
Parietales, 199 

Parietariaf 47-51; intloresceuce and 
flower, 48 
Parmarkim, 347 
Parhia, flower, 354, 355 
Parnasskif 320-324 . 

Paronychia, 121; flower, 119 
Paronychieae, 121, 123; pollination, 
122 

Parsley, see Peiroselmmn 
Parsnip, see Pastinaca 
Parflienoci&ms, 311 
Pasamia^ 30-34; female flowers, 35 
Passiflora, 211-213 
Passifloraceae, 211 
Passion-flower, see Passifiora 
Pastinaca, 419 
Patchoiiiy, see Pogostemon 
Patrkiia, flower, 570 
PamUkvia, 295, 297 
Pauloiimia, 523, 528 
PavMta, 557 

Pavonia, 249, 251 ; fruit, 250 
Payena^ 450 

Pea, see Pisum, Lathyrus 
Peach, see Amygdalus 
Pear, see, Pyms 
Pedaliaceae, 536 
Pedmdaris, 526, 529 
- Pelargonium, 269, 270, 271, 272 
PeUeiiera., 440 
Peliitory, see Parietaria, 51 
Penny- cakes, see Cotyledon 
. Penny-cress, _ _ 

Penny-wort, see Hydroeotyte 
Penstemo7iacantlms, 546 
Pentacyclicae, 425 
Pentadesma, 243 
Pentanisia, 

Pejiiaphragma,. 579 
Pentas,5l}4: 

Penthoraceae, 316 , 

Pewf/iomm, 316, 319 


Pefitstemon, 528 

Peperomia, 89, 90, 92; stem-structure^ 

91 

PepUs, 374, 375, 376 

Peponiferae, 217 

Pepx^er, see PZper 

Pepper-tree, see Schinus 

Pereskia, 397, 407, 408; habit, 398, 

400; flower, 401; fruit, 404 
Pereskioideae, 407 
Perezia, 600 
Periploeoideae, 476, 478 
Periwinkle, see Vinca 
Persea, 135, 138, 138 
Persimmon, see Piospyros 
Petalodiscus, 263 
Petasites, 594, 608 
Pefroselimmi^ 419; fruit, 417, 418 
Petunia, 522, 523 
Peucedaneae, 419 
Peucedanum, 412, 419; habit, 413 
Phacelia, 492, 493, 494 
Pharbitis, seed, 480; ovary, 484 
Phaseoleae, 369 

Pkaseolus, 369; habit, 350; flower, 359; 

pollination, 362 

Pheasant’s eye, see Adonis, 146 
Pkelipaea, 530 
Phelline, 308 

PMladelphus, 320, 325; flower, 321 

PMllyrea, 458 

Phlox, 490, 491 

Phoradendron, 68, 71 

PliyllaMlieae, 264 

PhyUanthoideae, 264 

Phyllanihus, 257, 264; flo^ver, 259; 

anthers, 262 
Phyllobotryum, 211 
Phyllocactus, 397, 406, 407 
Phyllodoce, 430 
Phyllonoma^ 321, 325 
Physalis, 518, 519, 520 
Physocalyrmna, 376 
Physopsis, 501 
Physostigma, 365, 370 
Phyteuma, 580 
Phytolacca, 108, 109, 110 
Phytolaccaceae, 108, 94 
Picotee, 123 
Picrasnia, 290 
Pier is, 604 
Pilocereus, 399 
Pilostyles, 78 
Pimenta, 384 
Pimpernel, see AnagalUs 
Pimpinella, 419; fruit, 418 
Pingwicula, 54:2, 54:8 
Pink, see Diantims 
Piper, 89-92; stem-structure, 91 
Piperaceae, 88 
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, PiperaleSj 88^ 80, 

Pisonia, 107, 108 
Pistachio, see Pistacia 
^Pistacda, 294 

Pimm, kiO; stipules, 351; pollination, 
362 . , 

Pitcher-plant, see Nepenthes 
Pithecoctmium, 540 
Pittosporaceae, 326 
Pittosponim, 326 
Plagianthus, 253, 254 
Plane, see Platamis 
Plantaginaceae, 548 
Plantaginales, 548 
Plantago, 548, 549 
Plantain, see Plantago 
Piatanaceae, 333 
Platanus, 333, 334, 335 
Platycarya, 18-21 
Platycodon, 582 

Platyhbeae (Eiipliorbiaceae), 187, 263, 
264 

Plaiystemon, 168; fruit, 165 
Plectranthus, 514; pollination, 510 
PlectrUis, 568 
Pleurogyne, 466 
Pleurovloceae, 187 
Plum, see Prmius 
Piumbaginaceae, 443 
Piumbaginales, 443 
Plumbagineae, 445, 446 
Plumbago, 443, 444, 445, 446 
Plumiera, 469, 472, 473 
Plumieroidaae, 472 
Podalyria, 367 
Podalyrkae, 367 
Podopliyiloideae, 150 
Podophyllum, 150, 153 
'^JP^ostemon, 327, 328, 329 
Podostemonaceae, 326 
Pogostemon, 514 
Poinsettia, see Euphorbia, 263 
Poison -ivy, see Rhus 
Poison-oak, see 
Pofowma, 175; flower, 173 
Polemoniaceae, 490 
Polemonineae, 490 
Polewiomw, 490, 491 ; flower, 492 
Polycarpeae, 121 
Polycarpicae, 125 
Pohjcarpon, 121 
Pohjgah, 302, BQ3, 304 
Polygalaceae, 302 
■: : Polygonaceae,;' 80 . , 

Polygonales, 80 

Polygonum, 81, 85, 87, 88; flower, 82, 
83, 84; pollination, 85 
Polyosma, 325 
Polypompholyx, 542 
Pomax, 554 


Pomegranate, see Punica 
Pomoideae, 3414 flower, 339 
Poplar, see Popukis 
Poppy, Iceland, 167; Yellow Horned, 
see Glaucium 

Populus, 6-10; infloresceiice and 
flower, 5; floral plan, 8 
Porana., 485 
Poraneae, 483 
Porantheroideae, 265 
Porttilaca, 115, 116 
Portulacaceae, 115, 94 
Posoqueria, 558 
Potato, see Solanum, 521 
PotentiUa, 336, 337; flower, 338, 339, 
340, 343 
Potentilleae, 342 
Potermm, flower, 338, 339, 344 
Prasioideae, 513 
Prasium, 513 
Primrose, see Primula 
Primula, 439, 441; flower, 440, 442 
Primulaceae, 439 
Primulales, 435 
PrimuUae, 441 
Pringlea, 181 
Prionotes, 434 
Privet, see Ligustrum 
Proberberideae, 129 
Proserpinaca, 394 
Prosopanche, 79, 80 
Prostantheroideae, 512, 513 
Protea, 61, 62 
Proteaceae, 59 
Proteales, 59, 58 
Proustia, 588 

Prunella, 513; inflorescence, 507 
Prunoideae, 345; flower, 339 
Prunus, 336, 345, 346 ; flower, 339 
Pseudocarum, 412 
Pseudosolanoideae, 528 
Psidium, 382, 384, 385 
Psiitacanthus, 67, 71 
Psoralea, 369 
Psychotria, 559, 561 
Psychotrieae, 561 
Ftelea, 289 
Fteridophyllum, 170 
Pterisanthes, 312 
Pterocarpus, 353, 370 
Pterocarya, 17-21 
Pferopetalum, 174 
Pteropyrum, 87 
Pterospora, 432 
Pterostegia, 82 
Pierostemon, 325 
Pterostemonoideae, 325 
Pterostyrax, 4^2 
Ptihtus, 103 
Pulicaria, 606 
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Pulmomna, 498; habit, 494, 495; 

flower, 496, 497 
PiilsaiiUa^ 145 
Pumpkm, see Cucurbita 
Punica, 

Piinieaceae, 376 

Purslane, see Portulaca 

PymopliyU'um% 121 

PyroIUj 432, 433 

T?yrolaceae, 432 

Pyroloideae, 432 

Pyrus, 336, 337; flower, 339, 341 

Quamodit, 483; pollination, 485 
Quassia^ 290 

Quassia- wood, Jamaica, see Picrasma 
Q-uercus^ 30-34; inflorescence and 
flower, 31 
Quillajaf 340 

Madiola, 278, 279, 280 
Radish, see Maphaniis 

Rafflesiaceae, 77 
Rafflesieae, 78 
Ragwort, see Senecio, 587 
Raisin, 314 

Rambutan, see Nephelmm 

Ramie grass, 47 

Banioncliai 534, 536 

B,ampion, see Campanula, 578 

Ranales, 125 

Bandia, 500; flower, 554 

Ranunculaceae, 138; pollination^ 147; 

Ba}m7icutm; ■ 138, "44^, 148; carpel, 
139; flower, 141; iiiflofescenee, 145 
Baotilia, 606 
Bapanea, 438 
Baphaneae, 186 

Baphamis, 182, 186; fruit, 184; em- 
bryo, 185 

Raspberry, see Rubus 

Mamoolfia, 471 

Meaumuria, 202 

Beammirieae, 202 

Bed Sandal- wood, see Pterocarpus 

Bdhmiinae, 589 

Beftiijia, 553, 

Reseda, 188, 189 ' 

Resedaceae, 188. ' , _ 

Rewa-Rewa, see KnigMia 
Mhagodia, 102 
Bhamnaceae, 309 
Rhaiiinales, 30,8^ 

Bkammis, 309,; 310 
Rheum, SI, 87; flower, 82, 83, 85 
BMgiophyllum, 578 
. Bhinanthem, 529, 532 
Bhinanthoideae, ,528. 


Bhinanthus, 527, 529 

Bhipsalis, iol, 405-407; fruit, 404 

RUzophora, 377, 378, 379 

Rhizophdraceae, 377 

Bhodochiton, 523 

Bhododendroideae, 430 

Rhododendron, 428, 430 ; fl ower, 429, 431 

Rhoeadaies, 163 

Rhopalocnemis, 73 

Rhubarb, see Rheum 

Rhus, 292, 293, 294 

Rhynehmia, 353 

Rihes, 320, 323-325; flower, 321, 322 

Ribesioideae, 325 

Ribwort, see Plantago 

Rice-paper, see Tetrapanax 

Ridhtofenia, 78 

Ricinocarpoideae, 265 

Ricinus, 257, 261-264 

Rinorea, 200, 207 

Rivina, 110; flower, 108, 109 

Robertsonia, 322 

Robinia, 365, 368; leaf, 351 

Bochea, 317, 319 

Rock-cress, see Arabia 

Rock-rose, see Heliantlmnum 

Roella, 578, 579 

Roman Nettle, 50 

Rondeletia, 559 

Rondeletieae, 559 

Rosa, 336, 337, 343; flower, 338, 340, 
341, 342 
Rosaceae, 335 
Rosales, 314 
Moseae, 343 

Rosemary, see Ros^narimis 
Rose of Jericho, see Anastutica, 
Odonlospermum 
Rosm.armus, 512, 513 
Rosoideae, 341 
Rotala, 375 
Rowan, see Pyrus 
Royeiia, 452 
Rubia, 558, 559, 561 
Rubiaceae, 552 
Rubiales, 550 

Rubiis, 336, 338, 342; flower, 339 

Rudbeehia, 591, 597, 607 

Rue, see Ruta 

BuelUa, 548; flower, 545 

Rumex, 81, 86, 88; flower, 82-85 

Ruta, 289; flower, 284-287 

Rutaceae, 283 

Rutales, 283 

Ruteae, 289 

Rutoideae, 288 

Ruyschia,2Z0 

Safflower, see Carthanms 
Sage, see NaZma 
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/Sa^’ma,'Eower,. 119, 120 
St Dabeoo’s heath, see Dabeocia 
St John’s Wort, see Hypericum 
SadntpaMlia, 534 ' 

Salazaria, 513 

Salicaceae, 5; affinities, 8; phylogem^ 
,39-41 
Salioaies, 5 

SaUcornia, 95-98, 100 
Salix, 6-10; infioreseeiice, flower and 
fruit, 5; floral plan, 7 
Scdpiglossideaef 522 
Satpiglossis, 522, 523; cieistogamy, 518 
Salsify, see Tragopogon, 610 
Salsoia, 9.5-98, lOi 
Sal tree, see S'horea 
Salt-w^ort, 95 
Salvadoraceae, 459 

507, 511; corolla, 508; 
stamens, 509; pollination, 510 
Salviem, 509, 513 

Sambuciis, 562, 563, 564, 566; flower, 
565 


SamoUae, 443 

Samolusj 441, 443; fl.ower, 442 
Samphire, 95 

Sandal- wood, see 8aMahmi 
Sand-box, 263 

Sawjuisorbeae, 336, 344; pollination, 
338 


Sanicie, see Sankmla 
Sanmda, 412, 419; calyx, 416 
Saniculeacy 416 
Saniculoideae, 419 
Sant alace ae. ^13 ^ 

Smitahim, 64, 66 
Sapindaceae, 295 
Sapindales, 292 
Sapindus, 296, 297 
Sapium, 264 
Sapodilla, see Achras 
Saponaria, 121, 123 
Sapotaceae, 447, 448 
Sapotineae, 447 
Sapria, 78 

Sapucaia-nut, see Lecythis 
Sarauja, 288 

Sarcocaulon, 269, 270, 273 
Sarcocephalus^ flowers, 554 
Sarcococca, 

Sarcodes, 432, 433 
Sarcophyie, 71, 72, 73 
Sarracenia, 190 , 191 
Sarraceniaceae, 190 
Sarraceniales, 190 
Sassafras, 134, 137 
Satureia, 510 
Satureieae, 513 
Saururaceae, 92 


Saururiis, 92 
Sauvagesia, 234, 235 
Saxaul, 95 

Saxifraga, 320; flower, 321, 322-324 
Saxifragaceae, 319 
Saxifrage, see Saxifraga, 
Saxifragoideae, 320, 324 
SaM^-Avort, see Serratula 
Scabiosa, 573, 574, 575 
Scabious, see Scabiosa 
Scaevola, 585 

Scammony, see Convolvulus, 481, 487 
Scandiceae, 419 
Scandix, 416, 419 
Scarlet Runner, see Phaseolus, 365 
Schimis, 295 
Schizandroideae, 128 
Schizanthus, 518, 522, 523 
Scliizocodon, 435 
SchlechtendaUa, 589 
Schoenia, 594 
Scletmitheas, 121 
Scleranthns, 121 
S'colymm, 605 
Scorpiurus, cotyledons, 349 
Scorzonera, 605, 610 
Scrophudaria, 528; flower, 526, 527 
>^Scrophulariaceae, 523 
Scurvy-grass, see CocMearia 
Sctifeliaria, 506, 512, 513; inflorescence, 
507 

Scutellarioideae, 513 
Sea-buckthorn, see Ilippophae 
Sea-holly, see Hryngkmh 
Sea-kale, see Grambe 
Sea-lavender, see Linionium 
Secamone, 478 
Secamoneae, 478 

SecMum, 225; tendril, 220; androe- 
eium, 221; OA^ary, 222 
Securidaca, 304 
Seddera, 481 

Sedum, 315, 316, 319; floAver, 317 ; pol- 
lination, 318 
Selaginaceae, 529 
Selago, 530 
Semibegoniella, 228 
Sempervivum, 316, 319; floAver, 317 
Senecio, 608; habit, 587, 589; in- 
volucre, 593; pollination, 600 
Senecioneae, 008 
Senna, see Cassia, 365 
Serjania, 295, 297 
Serpicula, 394 
Serratula, 609 
SerATice, see Pyrua 
Sesame, see Sesamum 
Sesamum, 5Z0, 5Z7 
Sesbania, 365 
Sesmieae, 114 
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Sesuvium^ 114; flower, 112 ' 

Shaddock, see CUriiSf 289 
Sheep’s-bit, see Jasione 
Sheep’s Sorrel, 81 
She-oa.k, 39 
Shepherdia, 372 

Shepherd’s Purse {Capsella), 182 

Sherardiaj 561 

Shorea, 243, 244 

Shortia^ 435 

Sibbaldia^ 339 

SibihorpiU:, 529 

Sic'i/diiim, 221 

Sici/os, 227; aiidroecium, 221, 222 

Sfkto, 249, 251 

SideToxykim^ 450 

SiegesbecMa^ 603 

Silem, 119, 121, 123 

Sileiioideae, 121, 123; pollination, 122 

Siliculosae, 186 

Siliquosae, 186 

Silver-tree, see Leumdendron 

Silverweed, see PotenUlla 

Silybwm, 597, 602, 609 

Siiiiambaceae, 290 

iSimmondsia, 266 

Simiingia, 533, 536 

Sipkocampyhis, 582 

Siphocod,on, 582 

Sisym.brie€ie^ 186 ■ 

Sisymbriunif 186; embryo, 1S5 
Skimniia, 289 
Sloe, see Primus 
Sniyruieae, 419 
Snapdragon, see AntirrMmim 
Snowberry, see Ayniphoncarpus 
Soapberry, see Sapindu^^ 

Soap-tree, see Sapimn, Chiliaii, see 
Quillaju 

Soapwort, see Saponarta 
Soiaiiaceae, 515 
Sokmcac, 519 
Solaiiineae, 514 

Soluniini, 517, 518, 520, 522; habit, 

' 515; branching, 516 

Soldamlla, 440, 442 

SoUdago, 606 

JSonchus, 602, 610 

Sonerila, 386 

Sonneraiiaf 377. 

Sonneratiaceae, 377 
Sop'kora, 367 
Sopdioreae, 367 
Sorrel, 81 ' 

Soiifoubea, 236 
Spanish Broom, see 
Sparmannia, 24i7 
k^partiinm, : 

367 . . 

Spathelioideae, 289 


Spearwort, 147 

Speculariaf 578, 580; fruit, 584 
SpeilantheSf 591 

Spergula, 123; flower, 118, 119 

Spergularia, 121 

SperguleaCf 121 

Spermacoceae, 561 

Sphenjodea, 584 

Spigelia, 462 

Spikenard, see Nardostackys 

Spinach, see Spinacia 

8pi%acia; 101, 102 

Spindle -tree, see Euonymus 

Spiraea, 336; flower, 340 

Spiraeoideae, 340 

Spjirolobeae (Chenopodiaceae), 101 

Spurge, see Euphorbia 

Spurge Laurel, see Dapdme 

Squirting Cucumber, see Ecballmm 

Stackydeae, 513 

Stachydoideae, 513 

Slachys, 506, 513, 514; corolla, 508; 

pollination, 510 
Stup^Ma, 474, 475, 478 
StaiyhyUa, 306 
St^>IiylFaceae, 306 
^tar-anise, 128 
StaUce, 443, 444-446 
Staticeas, 444-446 
Stegnosperma, 108 
Stdlaria, 120, 123; flower, 119, 122 
Stellera, 370 

Stenolobeae (Euphorbiaceae), 263-265 

Stephanoiis, 475, 478 

Stercmlia, 255 

Sterculiaeeae, 254 

Stock, see Matthiola 

Stohe-crop, see Sediim 

Stranvaesia, 341 

StrawLerry-tree, see Arbutus, 431 

Strejdocarpus, 533, 535, 536 

Strophanthus, 472 

Strychnine, 462 

Strychnos, 461, 462 

Stylidiaeeae, 585 

Stylidium, 586 

Styloceras, 266 

Stylopodium, 415 

StypheUa, 434 

Stjmacaeeae, 447, 452 

Styrax, 453 

Suaeda, 96, 101 

Suhularia, 181, 186; embryo, 185 

Succisa, 67 Q 

Sumach, see Elms 

Sundew, see Drosera 

Sunflower, see Heliauthus, 596, 605 

Sweet-gale, see Myrica 

Sweet Potato, see Ipomoea, 481 

Sweet Violet, 208 
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■Sweet William, 123 , ■ 

S wertia, 465 
Swieteniaf 2Bt 
Sycamore, see .4cer 
Symbegoniai 228 
Sympetalae, 423 

Symphoncarpm^ 562, 563, 564, 566 
Sym, phylum, 4:%%', habit, 494; flower, 
495,496,497 
..Symplocaeeae, 447, 453 
Symplocos, 453 
Synadeniwni, 258 
Sympiantha, 555 
Syringa, see PMladelphus 
Byringa, 455-458 
Byringeae, 458 

Tacsonia, 212 
Tagetes, 605, 607 
Tallow-tree, see Peniadesma 
Tamaricaceae, 202 
Tamanoem, 202 

Tamarindus, flower, 355, 356, 357 ; 

dissemination, 364 
Tamarisk, see Tamarix 
Tamarix, 202, 203 
Tanacetum, 588, 608 
Tansy, see TanaGetum 
Taraxamim, 610 
Tarchonanthinae, 588 
Tchrchonanihus, 602, 606 
Tare, see Vida, 369 
Teak, see 

Tea-plant, 239 ; and see Lydum 
Teasel, 574; and see Dipsacus 
jTecoma, 541 
P&dana. 5 QjL 502, 504, 505 
Teesdalia, 179, 186 
Telegraph-plant, see Desmodiwm 
Telopea, 62 
Tepkrosia, 369 
Terebinth, see Pistada 
Termmalia, 380 
Ternstroemiaceae, 237 
Tessarandra, 456, 457 
Tetilla,m5 
Tetmcera, 233 
. Tetradis, 452 
Tetraoyclicae, 454 
Teiragonia, 111, 113-115 
Tetramolopium, 606 
Tdrapanax, 408 
Tetrapathaea, 212 
Teirapoma, 11^ 

Teucrimn, 509, 513; inflorescence, 507; 
flower, 508, 510 

Thalictrum, carpel, 139, 140, 145 
ma, 238, 239 
Theaceae, 237 
Theobroma, 255 


Theophrastacfjits 43f» 

Thedum, $5 

Thibmdki, 431 
Thinonbu 295 

Thistle, Vurliha, f*en- 

innmi, OnapoTt-hn, Piiybnm, Bornkm 

Thhd'umtlm, 221 
Thhiapi, 

Thiaspidmv, 186 
Tliorii-apple, see / hifn rn 

Thrift, see 

Tkmibergm. M4, 548; Ihnver, 545, 546. 
ThimlKn’gioideae, 545, 547 
Thyme, sec 77^//w/«.v 
Thyme iaeaecac, 370 
Thymus, 512, 513; ealvx, 507; corolla, 
508, 510 
Tibouckina, 385 
Tilia, 245, 2^ 

Tiiiaceae, 245 
Tillaea, 319 

Toad- flax, see L Inarm, 523, 524 

Tobacco, see 

Toddalieae, 285 
Toddalioideae, 2S9 
Tomato, see Bolanum, 521, 522 
Tootli-W'ort, see. Lathrcmi 
TorkelUa, 421 
T Of ills, 416 

Tonch-me-not, see Impaiicus 
Tomuitea, carpels, 359 
Tmirneforfia, 495, 499 
Toxicodi ml mn., 264 
Tozzut, 529, 532 
Tradiymetu'., 413 
Tmchyphylhim, 322 
Tragia, 257 
Tragoceros, 603 

Tragopjogon, 591, 610; fruit, 603 
Trapa, 387; ' eotyledoiiis,, 388; flower, 
390,391 

TrapelMf 536, 537 
Tree-mallow, see Lamtera 
Tree of Heaven, see A ilanthiis 
Trenia, 43, 46 
TrianfMma, 114 
Tribulus, 280 
Tricera, 266 
Tricoccae, 256 
Trientalis, 440, .442 
TrifoUeae, 368 

TrifoUmn, Z50, 351, 354,. 368; pollina- 
tion, 360; geocarpy, 362 
Trigoiiella, 3fe 
Tfiost&m, 5%4 \ 
fruit, 82, 84 
Tnpterw, 603^ ' 

' TrisHcM, Z21 . 

TriumfeUa, 247. 

TrolUoideae, 140, 142 



TroUmSf 142 , 

Tropaeolaceae, 277 
Tropaeolmn, 277 ' 

Tul3ifiorae, 487 
Tubulifiorae, 605 
Tulip-tree, see Liriode.ndmn 
Tussilago, 594, 605, 608 
Tutsan, see Hypericum 
Tyloplioreae, 478 

C7fe.r, 365, 367; leaf, 350; periderm, 
352 

Ulmaceae, 43 
Ulmaria^ 338, 342 
Ulmarieae, 342 
Ulmeae, 45 

, lJlmu6\ 43-46; species of, 46 
X^mbeiiiferae, 411 
TJmbeliiflorae, 408 
Uncaria, 553, 560 
Upas tree, 55 
Umgoga, 561 
Urtica, 47-50, 48 
Urticaceae, 47 
Urticiflorae, 41 
Vtricularia, 541, 542, 543 ^ 

Vaccinioideae, 431 

Vaccinium, 431; habit, 427, 428; 

flower, 429 
Yahlia, 324 

Valerian, see Valeriana 
Valeriana^ 568, 569, 572; flower, 570, 
571 

Valerianaceae, 567 

Valerianella, 568, 571, 572; flower, 570 
Vangiieria, 560 
Vanguerieae, 560 
Vegetable sheep, see Baoulia 
Venus’s fly-trap, see Dionaea 
Verbasceaef 528 

Verbaseum, 524, 528; flower, 525-527 
Verbena, 501, 502, 504, 505 
Verbenaceae, 500 
Verbenineae, 500 
Verbesina, 603 
Yernonia, 591, 605 
J^ernomeae, 605; pappus, 596 
Veromca, 528; habit, 523, 524; flower, 
525, 526, 527 , 

Verticordia, 384 
Vervain, Verbena 
Vetch, see Vida 

Viburnum, 56% 563, 564, 566; pollina- 
tion, 665 

l%m, 369; habit, 350; nectary, 352; 

flower, 359 
Videae, 369 
Ffciona, 156, 161 
ViUafrsia, 463 
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Vinca, 469, 472, 473; flower, 470, 471 
Vincetoxieum, 478 
Vine, see Vitis 
FioZa, 206, 207-209 
Violaceae, 206 

Virginia Creeper, see Parthenodssm 
Viscaria, flower, 118, 119 
Viscoideae, 71, 68 


Vitaceae, 311 
Vitex, 501, 504, 505 
Vitis, 311, 313, 314 
Vivia/nia, 270 
Fo^na, 464; flower, 465 

Wahlenbergia, 579, 680, 582, 584 
Wallflower, see Gheimnthus 
Walnut, see Juglans, 21 
Waratah, see Tehpea 
W arscewiczia, 554 
Water Chestnut, see Trapa 
Watercress, see Nasturtium 
Water Cro-^oot, 139 
Water-hemlock, see Cicuta 
Water-lily, 159 

Water Milfoil, see Myriopnhyllum 
Water-purslane, see PepUs 
Water Violet, see Hottonia, 442 
Wattle, see Acacia, 366 
Wayfaring tree, see Viburnum 
Weddelina, 330 
Weigelia, see Diervilla 
Weinmannia, 326 
White-beam, see Pyrus 
Wielandia, 259 
Wigandia, 494 
Wig-tree, see Cotinus 
WUkesia, 588, 592 
Willow, see Salix 
WiUow-herb, see Epilohium 
Winter Cherry, see Physalis 
Winter-cress, see Barbarea 
Winter-green, see Pyrola 
Winter’s Bark, 128 
Wistaria, 353; dissemination, 364 
Witch Hazel, see Eammnelis 
Woai,d, see Isatis 
Wooden Pear, see Xylomelum 
Wooden-roses, 71 
Wood-rufl, see 
Wood-sorrel, see Oxalis 
Wormwood, see Artemisia 

'^-Xanthium, 591, 594, 601, 603, 607 
Xanthophylhim, 304 
Xanthorrhiza, 139, 140, 142, 144 
XanthoxyUae, 

Xanihoxylum, 289 
Xeranthemum, 593 
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Xyhmdum, 62 Zinnia, 602, 602, 607 

Xyhpliylla, 257 ,Zizyphiu, 200 

; ‘ ^ Zomia, 36§ 

Yarrow^ see Achillea Zygogymnu 1-8 

Yellow -rattle, see Ehinanihm . ' ■ Zygophyllaceae, 280 

Yellow Wort, see 
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